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JlucepTalluOHHUAT TpyA € oOChAEH M HacpodeH 3a 3ammuTa Ha 09.03.2026 r. Ha
KaTelIpeH ChBeT B Kareapa “‘UmkenepHo ocurypsiBane” or dakynrer “CUTypHOCT U OTOpaHa” Ha
Hanmonanen Boenen ynuBepcuret “Bacui JleBcku”, o gokropcka nporpama “CTpouTeNnHH,
I'bTHU U CHIELUATTHU MAIIUHK .

JAucepTanOHHUAT TPy e ¢ 00em — 120 cTp.
Ipuio:xenust — 5 6pos ¢ odem — 10 cTp.
HNnrocrpanun — 6 Opos.

Tadoauum — 9 Opost.

Bpoii Ha TuTepaTypHUTE U3TOYHUIU — 72 Opos.

Hyoankanuu — 4 Gposi.

3ammrTara Ha AucepTanroHHUs Tpy 1ie ce cbetor Ha 09.03.2026 r. ot 11.00 yaca B
yueOeH kabunetr Ne 2303, Tperu ertax, BTopu ydyeOeH Kopmyc Ha dakynreT ,,CUTypHOCT U
otOpana“ B Hanimonanen BoeHeH yHUBEpCHUTET ,,Bacui JleBcku®, paiton Benuko TwpHOBO.
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yHuBepcurteT ,,Bacuin JleBcku®.

ABTOPBT Ha TUCEPTALIMOHHUSA TPYJ € JOKTOPAHT Ype3 CaMOCTOATENIHA TOJIrOTOBKA B
karenpa “UmxenepHo ocurypsisane” ot dakynrer “CurypHoct u otOpana” Ha Hanwmonanen
BOCHEH yHuBepcureT “Bacun JleBckn™.

JIoKTOpaHTHT pabOTH KAaTO aCHCTEHT B Kareapa “HHkeHepHO ocuTypsiBaHe” Ha
Hanuonanen BoeHeH yHusepcutet “Bacui JleBcku™.

Aemop kanuman Hean Amanacoe Amanacos

3acnasue: “Ycvevpuiencmearne na cucmemama 3a UHHCEHEPHO-MEXHUUECKO OCULYPABAHE NpU
asaputiHo-cnacumentu oetHocmu”.

Tupaosic: _ op.

Omneuaman na . .2026 2.

H3zoamencku komnnexc na HBY “Bacun Jlescku”, ep. Benuxo TvpHoso



I. OBIIIA XAPAKTEPUCTHUKA HA TUCEPTAIIMOHHMUSA TPY ]
AKTYAJIHOCT HA ITPOBJIEMA

AKTyaTHOCTTa Ha JUCEPTAIlMOHHUS TPy MPOM3THYA OT HapacTBallaTa 4ecToTa H
Mamad Ha OPUPOJHU OEACTBUS M TEXHOTEHHH aBapud, CHIPOBOJEHU CHC 3HAUUTEITHU
YOBCUIKH XCPTBU W MATCPUAIHU IICTHU, KOCTO HaJlara HCIIPCKBHCHATO YCHBBPIICHCTBAHC HA
CUCTEMHTE 3a yNpaBJeHHUE MPU KPU3H U 3alIUTa Ha HACEJICHUETO. B Te3u yciaoBus aBapuiiHO-
CIIACUTEITHUTE JCHHOCTH CE€ XapaKTepH3UpaT C BHUCOKA JMHAMUKA, KPATKH CPOKOBE 3a
pearupaHe U HEOOXOIUMOCT OT HAJEXKIHO (YHKIMOHHUPAHE HAa WH)KCHEpPHATa TEXHHKAa B
eKCTpPEeMHa cpejia.

CbpBpeMEeHHHUTE aBapUHHO-CIIACUTEIIHUA ONEPALUU N3UCKBAT UH)KCHEPHUTE MAIIUHU Ja
MOJITbPXKAT BUCOKA (PYHKIIMOHAIHA TOTOBHOCT MIPH HAJTMYKE HA pa3pylieHa HH(PaCTPyKTypa,
HEONAronpUsITHU KJIMMATHYHU Bb3JCUCTBUSA, OFPAaHUYECHU JIOTUCTUYHHU PECYpCH U TMOBHILIEH
OIICPaTUBCH PUCK. HpaKTI/IKaTa IMOKa3Ba, Y€ OTKA3UTC HAa MHXXCHCPHATA TCXHHKA 10 BPEMC Ha
aBapHUITHO-CIIACUTEIHN JEHHOCTH BOJAT JO CEPUO3HU 3a0aBsHHS, KOMIPOMETHpaHE Ha
OTIepaIuUTe U yBEIIMYaBaHE HA PUCKA 3a CIIACHTEITHUTE CKHUITH U HACEIICHUETO.

B TO3M KOHTEKCT MHKEHEPHO-TEXHHYECKOTO OCHUTypsSBAaHE C€ YTBbpKAaBa KaTo
KITFOYOB €JIEMEHT OT CHCTEeMara 3a pearupane rnpu o0eacTBusi. To He ce CBekKa SIMHCTBEHO 10
U3BBPIIBAHE HAa PEMOHTHH JCHHOCTH, a MpPEJCTaBisiBA MHTETpUpaH Ipolec, OO0XBallall
JTUATHOCTHKA, TEXHHYECKO OOCIyKBaHE, YIIPABJIICHUE HA PECYpPCHTE, MOOWIHA JIOTHCTUKA U
OILICHKA Ha PUCKA Mpe3 LeHs )KU3HEH [IUKBJI Ha HHKEHEepHATa TEXHHUKA.

I[I/IHaMI/I‘IHOTO Pa3BUTHC Ha HWHXCHCPHUTC MAIIMHHW — OT MACHMBHU MCXaHWYHU
KOHCTPYKUUU KbM MOOWITHU, UPPOBU3UPAHU ¥ MOJYJTHU CUCTEMH — IPOMEHS U3UCKBAHUATA
KbM TAXHATa MOAAPBIKKA W BB3CTAHOBABAHC. C”I)BpeMeHHI/IﬂT HHKCHCPCH MOAXOJ ITOCTaBA
aKIIEHT HE TOJKOBAa BBPXY CBPBX3ApaBUHATA HA KOHCTPYKIHATA, KOJIKOTO BBPXY
CIOCOOHOCTTA 32 OBP30 BH3CTAHOBSIBaHE Ha PabOTOCTIOCOOHOCTTA B TOJIEBU YCIOBUA. ToBa
Hajara pa3pa0OTBaHETO W TMPHIIATAaHETO HAa HOBH MOJICNH 32 OICHKa Ha (yHKIMOHATHATa
HAaACKIHOCT U C(l)eKTI/IBHOCTTa Ha HHKCHCPHO-TCXHUYCCKOTO OCUT'YPsIBAHEC.

Ilenma na nucepTallMOHHUS TPYJ € U3CJeIBaHE Ha CHIECTBYBAIIM METOAM 32 OLIEHKA
e(eKTUBHOCTTAa HAa HHXCHEPHUTE MAIIMHU [pPU aBapUIHO-CHACUTENHU JIEHHOCTH, upe3
pa3paboTBaHe Ha CTPYKTYpHH MOJENM U OIpeleisHe Ha KOePUIEHTH MOBUIIABAIIU
e()eKTHBHOCTTA HA IIsJIaTa CUCTEMA.

Ocnoenu 3a0auu:

- Jla ce M3Ccle/Ba U aHAIM3UPA BIUSHUETO Ha MOABMKHUTE PEMOHTHH CpE/ICTBA
BBPXY €(PEeKTUBHOCTTA HA CHCTEMATa 3a HHXKEHEPHO — TEXHUYECKO OCUTYPSIBaHE. ;

- Ja ce W3cliefiBa M aHAIM3Upa BIUSHUETO HAa TEXHUYECKOTO OOCIyXBaHE U
JAUAarHoCTukara BbPXY e(l)eKTI/IBHOCTTa Ha HU3M0J3BaHaTta TEXHHUKA B aBapHﬁHO —
CIACUTEITHUTE IeHHOCTH;

- Jla ce MPEUI0KAT METOJUKH 332 YChBBPIICHCTBAHE CUCTEMATa OT HH)KCHEPHH
MAaIIMHU Ype3 U3MOI3BAHETO Ha MOJIB)KHU PEMOHTHH CPEJICTBA.

Oobexm Ha M3cJeIBaHe B AUCEPTAIIMOHHUS TPY/L Ca MPEICTABUTEIIMTE HA TTOABUKHHUTE
PEMOHTHU Cpe/CTBA.

Ilpeomem Ha n3cneqBaHE ca BIUSCIIATE XapAaKTEPUCTHKU M OCHOBHH ITOKA3aTeH 3a
YCHBPIICHCTBAHE HA CHUCTEMAaTa 32 WHKEHEPHO — TEXHUUYECKO OCUTYpSIBAaHE MPHU aBapUUHO —
CIIACUTETHU JEHHOCTH..

[TocTuraneTo Ha 1eNTa U PEIIaBaHETO HA 33JJaYNTE HA HAYYHOTO U3CIICJIBAHE €
MOCPEACTBOM U3IOJI3BAaHE METOAUTE Ha CUCTEMHHUS U CTPYKTYPHO-(YHKIIMOHATHUS aHATU3,
CTPYKTYPHOTO U MAaT€MaTUYECKOTO MOJIETHUpPAHE, METOIUTE HAa MaTeMaTH4YecKaTa CTATUCTHKA
N HOpMain3alrd Ha JaHHW, MHOTOKPUTCPHUATHHUTE U HHTCIPATHUTEC OLICHBYHU METO/IH,



CPaBHUTEIHUAT aHAIN3 Ha €()EKTUBHOCTTA, KAKTO U TEOPETUUHHUAT (JCTYKTHBEH) U
AHAJTUTUYHUAT METON.

3a mo-ronsmMa KOHKPETHOCT U 3HAYUMOCT Ha U3CJICABAaHUATA ChIIUTC Ca U3BbPIICHU
Ipu ONpCACICHA 0onycmumu ozpanuvdenun:

> Pa3rne>1<z[aT CC€ CIUMHCTBCHO Pa3JIMYHUTC IIOJABMXXHHU CPCIACTBA 3a PCMOHT Ha
HWHKCHCPHU MAIIMHU U TAXHOTO BJIMUAHHUC BbPXY CUCTCMATA OT MHXXCHCPHU MAIlIMHU.

II. CTPYKTYPA HA JMCEPTAHIMOHHUA TPY ]

CTpykTypa Ha JMCepPTALMOHHUS TPYA

Paspa60TBaHeT0 Ha JUCCpTAUMOHHUA Tpyd € HACOUYCHO KbM U3IIBJIHCHUC Ha
MMoCTaBCHATa HAYYHOMU3CICAOBATCIICKA MECJI W IPOUIIMU3ANMUTE OT HCA H3CJICAO0BATCICKU
3aJa4du. AHanu3bT € KOHIOCHTPHUPAH KbM o0eKTa u npeaMeTa Ha U3CJICABAHC B CbOTBECTCTBUC C
q)OpMy.]'II/IpaHaTa H3CJIICAO0BATCIICKA TE3a M IIOCTABCHUTC OI'PAHUYCHMUA. B Ta3mu BpPb3Ka,
AUCCPTAOIMOHHUAT TPYA CC€ CbCTOU OT BBBCACHHUC, TPU pa3iciia CbC CbOTBETHUTC U3BOJU KbM
TAX, O6H_II/I HU3BOJU, 3aKIIFOUCHUC, HAYUYHNU IIPHUHOCHU, HAYUHU-IIPUIIOKHU IIPUHOCHU, PCUHUK Ha
H3IOJ3BAHUTC CbKpall€HUA, CIHMCBK C H3MIO0J3BaHaTta JIMTCparypa W CHHUCBK Ha
MMPUIIOKCHUATA.

PA3JIEJI ITbPBU

IHOCTAHOBKA HA U3CJIEAJOBATEJICKATA 3AJAYA

1.1. I/ICTOPI/I‘ICCKO Pa3BUTHUEC HA UHIKCHEPHUTEC MALLIMHUA U CIIaCUTEIHATA
TEeXHHUKA

AHanmuM3bT Ha PA3BUTUETO HA MH)KXEHEPHUTE MAIIMHU M CIIACUTENIHATa TEXHHUKa
MOKa3Ba yCTOWMYMBA TEHACHITUS 3a IPEMUHABAHE OT PEUICHUs, OCHOBAHU MPEIUMHO HA PHUCH
TPy U OFPAaHMYEHA MEXaHM3alMs, KbM KOMIUIEKCHU WH)XXEHEPHU CHUCTEMH C BUCOKA CTEIIECH
Ha MOOHWJIHOCT, AaBTOHOMHOCT u (yHKIMOHAJTHA HAASXKAHOCT. B paHHuTe eranu
e(eKTUBHOCTTa HA aBAPUIHO-CIIACUTEIIHUTE NEHHOCTU € CHIJIHO 3aBHCHMa OT YOBEILKHS
(dakTop, a Bb3MOKHOCTUTE 3a TOJIbPKaHE M BH3CTAHOBSIBAHE HAa TEXHUKATa B 30HATa Ha
0e/ICTBUETO ca OTPAHUYECHHU.

Pa3ButneTro Ha TexkaTa MH)KEHEpHAa MeXaHW3alus ciies] Bropara cBeToBHa BoOWHA
BOJM JI0 3HAYHWTETHO IOBUIIIABAHE HA MPOU3BOJIUTEIHOCTTa M Maiaba Ha U3MBIHSBAHUTE
JIEHHOCTH, HO CBIIEBPEMEHHO DPa3KpHBa OTPaHUYCHUS, CBBP3aHH C HHUCKA aBTOHOMHOCT M
3aBUCHUMOCT OT CTallMOHAapHU pEeMOHTHU Oaszu. ToBa ompenenss HEOOXOIUMOCTTa OT HOB
MOAXOMA, TPU KOWTO HAACKIHOCTTA HE C€ IOCTHTa €IWHCTBEHO Ype3 KOHCTPYKTHBHA
3/IpaBUHA, a Ype3 Bb3MOKHOCT 332 ObP30 TEXHUUYECKO BH3CTAHOBSBAHE.

B ceBpemMeHHHMS eTam pa3BUTHETO HAa WH)XCHEpHATa TEXHUKA € HACOYEHO KBbM
WHTETPUpPAaHE HA IU(PPOBU TEXHOJOTMH, MOAYJIHA KOHCTPYKTHBHU PEIICHUS U CUCTEMH 3a
JMUAarHOCTHKA B peaqHo Bpeme. To3u mpexoa oOycliaBsi HapacTBaIllara pojis Ha MOABUKHUTE
CPEIICTBA 32 TEXHUYECKO OOCTY>KBaHE U PEMOHT, KOUTO C€ MPEBPHIIAT B KIIOYOB €IIEMEHT 3a
nojabpkaHe Ha (PYHKIIMOHAJIHATa TOTOBHOCT HA WH)XCHEPHHUTE MAIIMHU TIPU aBapUHHO-
CIIACUTENTHU ACHHOCTH. Taka HCTOPUUIECKOTO Pa3BUTHE IOTUYHO BOAM IO HEOOXOIUMOCTTA OT



YCBBBPUICHCTBAHC HAa CUCTCMATA 3da MHKCHCPHO-TCXHUYCCKO OCUTYPSABAHC KAaTO MHTCTPUPAH
H aaallTUBCH ITPOLCC.

1.2. AHaJIM3 HA ONIACHOCTHUTE U 0eJICTBUATA, 0KA3BAIIM BJIUSIHHE BbPXY
HHKEeHEePHUTE MAIIMHY NPU AaBAPUITHO-CIIACUTEIHH JIeiHOCTH

AHaIu3bT Ha OIACHOCTUTE U 6GI[CTBHHT3, OKa3Ballli BJIMUAHUC BHPXY HHIKCHCPHUTC
MAIlIMHY TIPH aBapUITHO-CIIACUTEHH JCHHOCTH, IIOKa3Ba, Ye¢ ePEKTUBHOCTTA HA M3IIOI3BaHATa
TEXHHKA € MPSKO 3aBHCHMa OT XapaKTepa, MHTCH3UBHOCTTA U MPOCTPAHCTBEHO-BPEMEBHUTE
napamMeTpu Ha KpuU3uCHHTE chOuTHsS. MHXKECHepHaTa TeXHHKa (PYHKIMOHUpPA B YCIOBHS Ha
paspymieHa UH(pACTpyKTypa, HECTa0WIEH TepeH, HeOJIaronpusTHA  KIMMATHYHU
BB3JICHCTBUSL W TIOBUIICH OIECPATHBEH PHCK, KOETO Ch3aBa IPEANOCTABKUA 332 YCKOPEHO
W3HOCBaHe, PYHKIIMOHAIHUA OTKAa3W U HaMaJieHa HaJIeKTHOCT.

B 3aBucuMoct OT mpousxoja cu O€ICTBHATA W ONACHOCTUTE Morar Jaa ObaaT
KJIacu(pUIUpaHu KaTo TPUPOIHHU, aHTPOIIOTEHHH W KoMmOuHHMpaHu. [Ipupomuute OemcTBus
BKJIIOYBAT HABOJHEHHS, 3EMETPECEHUS, CBIAYHMINA, IMOKAapHU, CHEXKHU OypH M EKCTPEMHHU
MCTCOPOJIOTUYHHN SABJICHUA, KOUTO OKa3BaAT AUPCKTHO BL3IIGI>'ICTBPIC BBpPXY IMPOXOAUMOCTTA,
YCTOMUMBOCTTA M PabOTOCIIOCOOHOCTTa HA WHXKCHEPHUTEC MAIIMHU. AHTPOIOTCHHUTE
OIMaCHOCTHU Ca CBBbP3aHU C IMPOMUIIJICHU aBapuH, TPAHCIIOPTHU WHIUACHTU, 3aMBbpPCABAHUA U
HAJIMYME HA ONAacHM MaTepUalM, KaTro TMPH TIX PHCKBT YECTO C€ YCIOXKHSIBA OT
KOMOMHHMPAHOTO BB3/ICHCTBIE HA TEXHOJIOTHYHU U IPUPOIHH (PaKTOPH.

Oco0eHOo 3HaUCHUE 3a OLICHKATa Ha Bh3JICHCTBUETO BhPXY HH)KCHEPHATA TEXHUKA UMa
YecToTaTa W pPa3MpeesIeHUeTo Ha OeNCTBUSATA HAa HAIMOHATHO HHUBO. CTaTHCTHYECKUTE
naHHU 3a PemyOnuka bbirapusi moka3BaT BHCOKa WHTCH3MBHOCT HAa KPU3HUCHH CHOUTHS C
pa3IUYeH XapakTep, KOETO Ompeiesisi HEOOXOJAMMOCTTa OT MH)KEHEPHHM MAIIUHU C BHCOKA
(YHKIIMOHAJIHA TOTOBHOCT U CIIOCOOHOCT 32 MPOABIDKUTENHA pab0oTa B aBTOHOMEH PEXKHM.

Taoéauya 1. bpoii 6edcmeus no euo 3a nepuoda 2013 — 2023 2.

Ne Bun xpusucHo crOutHe Bbpoit
1. | Hoxapu 17252
2. Canaunmia 643
3. | 3emerpecenus 51

4. | 3acymaBaHus 96
5. | HaBognenwus 3533
6. | bypu, TopHano, cMep4, BUXpYIIKa 806
7. | I'panymku 115
8. | CHexxnu Oypu (CHEroHaBsIBaHE) 589
9. 3aneasiBaHUs, U3MPB3BaHUS 445
10. | ABapuu 962
11. | Karactpodu c npeBo3HU cpeacTBa 18 810




12. | 3ambpcsaBanus (C XMMUYECKH BEIIECTBA, C OMTACHU 138
OTHAIbLIY, C OUTOBH OTIIAABIM U JIPYTH)
13. | JApyru Kpu3ucHU OSICTBUSA U CHOUTHS 82

OBIIO Bb3HUKHAIHN OEICTBUS 43 522

1.48%

2.21%

Lo2% 0.12%
: 136% ~ 0.26% 1.86%  0.32%

B IToxxapn 8 Cpiaa9Hina % 3emeTpecenns ¥ JacymaBaHHSA

® Hapogmerns ¥ bypn B pagymxs B CHe:xHH OypH

B Janennpannan B Apapun B KartacTtpogr W 3ambpcABaHHA

Queypa No2 — Ilpoyenmuo cvomuowenue na beocmsusama Ha mepumopuama Ha PB

AHanM3bT Ha JAaHHUTE TTOKa3Ba JOMUHUPAHE Ha MOXapHu, HABOJHEHHS U TPAHCIIOPTHU
WHLUUJIEHTH, KOETO IIOCTaBs TMOBMIIEHH H3UCKBAaHHWS KbM MH)KEHEpHAaTa TEXHUKA IO
OTHOIIIEHHE Ha TMPOXOJUMOCT, YCTOWYMBOCT HA TEPMUYHH U XHUJIPOJIOKKU BBH3JIEUCTBHS,
KaKTO M BB3MOXKHOCT 32 OBpP30 BBH3CTAHOBSIBAHE CJI€/ YaCTUYHH MOBpenu. B Te3u ycrmoBus
OTKa3UTe Ha OTACIIHM arperaTd Wid CUCTEMH MOTAaT J1a JOBEJAaT /10 ChIECTBEHU 3a0aBSHUS B
ABApUIHO-CIACUTEIHUTE ONEpaliy U 10 YBEIMYaBaHE HAa pUCKa 3 JIMYHUS ChCTaB.

Baken enmemMeHT OT aHanm3a € WICHTU(UIIMPAHETO HA KPUTHYHUTE (DAKTOPH, KOUTO
BIUSIST BbPXY pabOTOCTIOCOOHOCTTAa HA MH)KEHEPHUTE MalllMHU B OefcTBeHa cpena. Kpm Tax
C€ OTHACAT MEXAaHWYHWTE HATOBAapBaHUSA, BB3JICHCTBHETO HAa BOJA, IIpaX W AarpeCUBHHU
BEIIECTBa, TEMIEpaTypHUTE KoJeOaHUs, KAKTO W OrPaHUYCHHSITA B JIOTUCTUYHOTO U
PEMOHTHOTO ocurypsiBaHe. BzaumoelicTBueTo Mexay Te3u (pakTopu Hajlara npuiaraHeTo Ha
CHUCTEMEH IMOJXOJl 3a OLIEHKAa Ha pHUCKAa, KOHWTO Ja OTYUTAa HE CaMO BEpPOSITHOCTTa OT
Bb3HMKBAaHE Ha OTKa3, HO M IOCJIEACTBUATA OT HET0 3a IUIOCTHOTO M3IIBIHEHUE Ha
aBAPUNHO-CIACUTEIHUTE JIEUHOCTH.

W3BbprieHusT aHanu3 o00OCHOBaBa HEOOXOIMMOCTTAa OT MHTETPUpaHE Ha METOIU 3a
dbyHKIIMOHaTHa O€30MacHOCT, IMArHOCTHKA M YIpaBJICHHWE Ha pHCKa B CHUCTeMara 3a
WHKEHEPHO-TEXHUYECKO OCUTypsiBaHe. ToBa Cb3JaBa NPEINIOCTABKM 32 CBOEBPEMEHHO
uaeHTU(HUIIMpAHE HA YSI3BUMOCTUTE, OTPAaHUYABAHE HA BEPOSTHOCTTA OT KPUTUYHHU OTKA3U U




MOBUIIABAHE HA YCTOWYMBOCTTA HA HMH)XCHEPHATA TEXHUKA IpPU aBAPUUHO-CIACUTEITHU
JEUHOCTH.

1.3. OCHOBHM 321244 M NPUHIIUIHA HA MHKEHEPHO-TEXHUYECKOTO OCUTYPsIBaHe
NPHU ABAPUITHO-CIIACUTEIHM JIeHHOCTH

NHXeHepHO-TEXHUYECKOTO OCHUTypsIBaHE IIPU  aBAPUHUHO-CIACUTEIHU JACHHOCTH
MPENICTaBIsIBA OpPTaHM3MpaHa CHCTEMa OT MEPONPHUATHS, HACOYCHH KbM MOJIbPKaHE U
BB3CTAHOBSIBAaHE Ha pPabOTOCIIOCOOHOCTTAa HAa HWH)KCHEpHATa TEXHWKA, H3II0JI3BaHA TIPH
JEHCTBUS B yCIIOBUS Ha OeICTBUS, aBapuu U katactpodu. HeroBara pos € mpsko cBbp3aHa ¢
rapaHTHPAHETO Ha OIepaTHBHATAa TOTOBHOCT, OE€30MAaCHOCTTAa M HEMPEKhCBAEMOCTTAa Ha
WHXXCHEPHUTE POPMHUPOBAHUS B IMHAMUYHA U PUCKOBA Cpejia.

OcHOBHUTE 3aJlaydl HAa HWHKEHEPHO-TEXHUYECKOTO OCUTYpSBAHE MPOU3THYAT OT
HEO0OXOMMOCTTa 32 CBOCBPEMEHHO pearvpaHe M ¢EKTUBHO H3IOJ3BaHE HAa WH)KCHEpHATA
TEXHUKA TPH OTPAaHWYCHU PECypCH M BHCOKAa CTENEH Ha HeompeneneHocT. KM Tiax ce
OTHACAT [JMAarHOCTHKATa U OI€HKaTa Ha TEXHHYECKOTO ChCTOSHHE Ha MAIIHHUTE,
OPraHW3MPAHETO W U3BBPIIBAHETO HA TEKYIId W aBapUHHU PEMOHTH, TEXHHUYECKATa
eBaKyalusi Ha IMMOBPE/ICHA TEXHHKA, KaKTO W OCUTYPSBAHETO W YIPABICHUETO HA 3amacHU
YacTH, WHCTPYMEHTH MU KOHCyMaTuBH. CBIIECTBEHO MSICTO 3aeMa M OCUTYPSBAHETO Ha
SHEPTrUiHYN, BOJOCHAOJMTEITHN W KOMYHHKAIMOHHU PECYpCH, HEOOXOIUMH 32 aBTOHOMHA
paboTa B 30HaTa Ha OEJCTBUETO.

EdexkTuBHOTO W3MBJIIHEHWE HA TE3W 3a7adyd Ce€ OCHOBaBa HAa MPWIAraHETO Ha
OTpENeJICHN TPUHIUMIIN, KOWUTO OMNpEeisaT opraHu3anusaTa W (yHKIHOHUPAHETO Ha
WH)XCHEPHO-TEXHHMUYECKOTO OCHUTypsiBaHe. Bojenr mpuHIUN € TOJIbpPKaHeTO Ha BHCOKA
TEXHUYECKAa TOTOBHOCT Ha MH)KCHEpHATa TEXHUKA, KOETO M3MCKBA HEMPEKbhCHAT KOHTPOJ Ha
CHhCTOSIHUETO W CBOCBPEMEHHO W3BBLPIIBAHEC HA TEXHUYECKO OOCTy)KBaHEe W peMOHT. [pyr
OCHOBEH TMpPHUHIMI € MHHUMH3UPAHETO Ha BPEMETO 3a BH3CTAHOBSIBaHE Ha
paboTocrnocoOHOCTTa, Thil KaTO 3a0aBsSHUATA B PEMOHTHHUTE JIEWHOCTH MOTaT Ja JIOBEJAT /10
CBHILIECTBEHU OINEPATUBHU 3aryOu NP aBapUHHO-CIIACUTEIIHU OTEPaIIH.

B ycnoBusita Ha OenctBus 0COOEHO 3HaueHWE NpUAOOMBA NPUHLUIBT Ha
ABTOHOMHOCT, KOWTO MpeAroiara Bb3MOKHOCT 32 U3BBPIIIBAaHE HA TEXHHUUECKO 00CTYyKBaHE U
PEMOHT B MOJIEBU yCJIOBUSI, €3 3aBUCUMOCT OT CTallMOHapHa HHppacTpykTypa. ToBa Hamara
U3MOJI3BAHETO Ha TMOJBIKHU CPENICTBA 32 TEXHHUYECKO OOCITYyKBaHE M PEMOHT, CIIOCOOHU Ja
OCHTYPST JMATHOCTHUKA, PEMOHT W CHaOJIBaHE B HETOCPEJCTBEHA OJU30CT O MSCTOTO HA
neiicteue. JlombpiBaml TPUHIMI € HMHTETpAlMITa MEXAY HHXKEHEPHO-TEXHHUYECKOTO
OCHTYpsSIBAHE W JIOTHCTUYHHUTE TIPOIECH, KOSATO ITO3BOJISIBA ONTHMAIHO YIPaBICHHE Ha
pecypcHTe U KOOPAMHAIIUS MEXAY pa3INdYHUTE €JIeMEHTH Ha CHCTeMaTa.

AHanu3bT Ha 33JQYATE W TPHUHIUIIUTE HA WHXKCHEPHO-TEXHUYECKOTO OCHTYPSBaHE
MOKa3Ba, 4ye HeroBaTa €(QEKTUBHOCT HE Ce Ompeaeis €AMHCTBEHO OT HaIU4MeTo Ha
TEXHWUYECKH CpEACTBA, a OT CTEICHTa Ha TAXHATa OPTaHW3UPAHOCT, aJANTHBHOCT U
CBIJIaCYyBaHOCT C ONEPATUBHUTE M3MCKBAHUS Ha aBapUHHO-CIIACUTENHHUTE JeiHocTU. ToBa
000cHOBaBa HEOOXOJAMMOCTTa OT YCHBBPIICHCTBAHE HA CHCTeMaTa 3a WHXKEHEPHO-
TEXHUYECKO OCHUTYpsIBaHE 4pe3 MpHJIaraHe Ha CHCTEMEH IMOAXOJ, OCHOBAaH Ha OIIEHKAa Ha
pucKa, (QYHKIMOHAITHATA HAJACKIHOCT M ONTHMH3AIUATA HA PEMOHTHO-BB3CTAHOBUTEITHHUTE
MPOLIECH.



14. CTpyKTypa, cpecTBa M OPraHn3alus HA MHKEHEPHO-TEXHUYECKOTO
OCUTYpsiBaHe NPH ABAPUIHHO-CIIACUTEIHU AeHHOCTH

CrpykTypata M OpraHM3alusiTa Ha WHXEHEPHO-TEXHUYECKOTO OCUTYpsBaHE MpU
ABApHIHO-CIIACUTEIHNA JIEWHOCTH C€ OIpEICSIT OT HEeOOXOIMMOCTTa 3a OCUTypsiBAHE Ha
HCIMIPCKbCHATA TCXHUYCCKA I'OTOBHOCT HAa MHIKCHCPpHATA TCXHHUKA B YCJIOBHA Ha AWMHAMUYHA
onepaTHBHA cpela, paspylieHa HHOPAcTpyKTypa W orpaHudeHd pecypcu. Cucremara Ha
WH)KEHEPHO-TEXHUYECKOTO OCHUTYpsIBAaHE 0OXBalla CHBKYNMHOCT OT OpraHU3allMOHHH,
TEXHHYECKH W JIOTHCTHYHHM EJIEMEHTH, (YHKIMOHHpAIIX B TSICHA B3aMMOBpPB3Ka C IICJ
NO/UTbP)KAaHE M BH3CTAHOBSIBAHE HA PabOTOCIOCOOHOCTTa HA W3IOJ3BAaHUTE MAIIMHUA U
CpeJicTBa.

B CTpyKTYpHO OTHOIICHHE HWHKECHEPHO-TEXHUYECKOTO OCUTYpsSBaHE BKJIFOYBA
pa3IMYHK HHBA M 3BEHA, KOUTO OCHTYPSIBAT TEXHUYECKA AMArHOCTHKA, 0OCIYXKBaHE, PEMOHT
U CHa0JsBaHEe C MaTepUAITHU pecypcH. B 3aBucuMocT oT Mamiada u xapakTepa Ha aBapuiHO-
CIMIACUTEIIHUTE JICHHOCTH Te3W (QYHKIMM MOraT Ja C€ H3MBJIHABAT OT CTAl[HOHAPHU U
NOJBM)KHA PEMOHTHH (OPMHPOBAHUS, KaTO B YCIOBHATA Ha OEICTBUS BOJCHIO 3HAYCHHE
NpUI00UBAT MOJBMKHUTE CPEJCTBA 32 TEXHHUYECKO OOCTy)KBaHE M PEeMOHT. Te MO3BOJISABAT
HN3BbPIIBAHC Ha AWAHOCTHUYHU KW PEMOHTHU HeﬁHOCTH B HCIIOCPCACTBCHA 0M30CT o
MSICTOTO Ha JIEHCTBHE, KOETO ChINECTBEHO HaMmajsiBa BPEMETO 3a BbH3CTAHOBSBAHE Ha
paboTocmocoOHOCTTA.

CpezcTBaTa 3a HHKCHEPHO-TEXHHMUYECKO OCHTYPSIBAHE BKIIFOYBAT IMOJABUXHUA PEMOHTHHU
pabOTMIIHMLIM, JMArHOCTUYHA amnapaTypa, UHCTPYMEHTH, PE3EPBHM YacTH, CHEPIUWHU U
OCBETHUTEIIHH CPEICTBA, KAKTO M TPAHCIIOPTHHU CPEACTBA 32 TEXHUYECKa eBakyaius. TsxHara
KOH(UTrypalus 1 CTEIICH Ha 000py/IBaHE ce ONMPEaeAT OT BHIa Ha M3I0JI3BaHaTa HH)KEHEPHA
TEXHHMKA, OYaKBAHUTE HATOBApBaHUs U crienu(uKara Ha oneparuBHaTa cpena. EQekTuBHOTO
U3M0JI3BaHE HA TE3W CPEJCTBA M3UCKBA IPEABAPUTEIHO IUIAHUPAHE, CTaHIAPTH3UPAaHE Ha
000pYIBAHETO M SICHO Pa3Npe/ieicHne Ha (YHKIIMUTE MEXTy OT/ICITHUTE 3BCHA.

Taoauya 2. @azoe nooxoo npu opzanuzayusn na HTO

Etan JleiiHOCT

AHanm3 Ha pUCKOBE, pa3Npeie/iCcHue Ha CUIIM U CPEJICTBA, TUTAaHUpaHe Ha
IloaroroBka p » PA3TIPEA peAl ’ p

MapuIpyTH U pecypcu
Pasapbimare Wsrpaxmane Ha 0a3u 3a MOAJIPHKKA, pa3nojiaraHe Ha peMOHTHHU TPYIIH,

p OCHUTYpsIBaHE Ha KOMYHUKAaIUs

HenpekbcHara TexHUYECKa MOAAPHKKA, Bb3CTAHOBSIBAHE HA TOBPEICHU
N3nbiaaenne

CHCTEMM U TEXHHKA

TexHuuecka MHCIEKIIHS, OTYET U aHAJIW3 Ha U3IMOJI3BAHUTE PECYPCHU U
3aBbpIIBaHe

e(heKTUBHOCTTA

Opranmszanuara Ha HMHXEHEPHO-TEXHUYECKOTO OCHUTYpsSBaHE TIpU  aBapUHHO-
CHACUTEJIHU JIEHHOCTH ce OCHOBaBa Ha (ha30oB MOAXOJ, KOWTO oOXBalla eTamuTe Ha
MOJrOTOBKA, pa3BpblllaHe, GyHKIMOHUPAHE M BBH3CTAHOBsIBaHE. B pamMKkuTe Ha TO3M MOJXOJ]
Cce OCHUTypsBa IIOCJIEAOBATEIIHOCT W KOOPAMHALMS HA TEXHUYECKUTE IEHHOCTH, KaTo ce
OTYUTAT JAWHAMUYHUTE NPOMEHUM B OOCTaHOBKATa M NPUOPUTETUTE HA CIACUTEIIHUTE
onepauuu. OcoOeHO 3HaueHHWE HMMa TI'bBKABOCTTAa Ha OPraHU3aIMsATa, KOSTO IO3BOJISBA
aZlanTUPaHE HAa PEMOHTHO-BB3CTAHOBUTEIHUTE MPOLECH CIPSMO KOHKPETHUTE YCIIOBHS H
BBH3HUKHAINTE TEXHUYECKH MTPOOJIEMH.

AHanmu3bT Ha CTPYKTypara, CpeACTBaTa M OpraHu3alusaTa Ha HWHXKEHEPHO-
TEXHUYECKOTO OCUTYpsIBaHE IIOKa3Ba, Y€ HeroraTa e(eKTUBHOCT 3aBUCH HE CamoO OT



HATMYUETO Ha TEXHUYECKU PECYpPCH, a OT CTENEHTA Ha TAXHATAa MHTETPalus, MOOWIHOCT U
CBIJIACYBAHOCT C  OINEpaTUBHUTE 3amadyd. 1oBa 00yclaBs HEOOXOJIMMOCTTAa  OT
YCBBBPILICHCTBAHE HA OPraHU3aLMOHHUTE MOJEIIH U OT MPUJIaraHe Ha CUCTEMEH MOJAXO0J IPU
IJIAHUPAHETO M YIPABJICHUETO HA HWHXKEHEPHO-TEXHHUYECKOTO OCHUTYpsSBaHE B aBapUHHO-
CHIACUTEIIHUTE NCHHOCTH.

MN3BOJN OT PA3JAEJI IITBPBU

1. B ananu3upaHuTe W3TOYHUIM ChHIIECTBYBAa OrpaHWYcHa uHGpOpMAIHs 3a
U3IMOJI3BaHE HA TMOJBWKHH PEMOHTHU CPEJCTBA NPHU JTUKBHUIUPAHE HA TOCIEACTBHUSTA OT
Oe/CTBUS, aBApUU U KaTacTpodu.

2. B HemocraTpbyHa CTENEH € pas3rielaH METo/a 3a OICHABAaHE Ha BIMSHUETO Ha
peKUMa Ha TEXHHYECKUTE OOCIY)KBaHHS BbpPXYy €(QEKTUBHOCTTA Ha H3MOJI3BAaHE Ha
WH)XCHEpHATA TCXHUKA.

3. He e paspaboreH KpuTepuil W KpUTEPUAIHU MOJCIH 3a ONpEACIsHE Ha
WHXXCHEPHO — TeXHUYecKaTa e(eKTHBHOCT W JeUHUpaHE HA MapaMeTpu Ha CHUCTeMara 3a
WH)XEHEPHO — TEXHUYECKO OCUTYPSIBAHE TIPU aBaAPUITHO — CIIACUTEIIHU JICHHOCTH.

PA3JIEJI BTOPU

®AKTOPH, BJIUSEIIA BbPXY PABOTOCIIOCOBHOCTTA U
®YHKIIMOHAJIHATA BE3OITACHOCT HA MOJABUXHUTE CPEJICTBA 3A
TEXHUYECKO OBCJIY)KBAHE U PEMOHT ITPU ABAPUMHO-CITACUTEJIHA
JEMHOCTH

2.1. Kaacnduxanusa n pyHKumnoHaHa poJisi Ha MOABMKHHUTE CPEICTBA 3a
TeXHHYeCKO 00C/Iy:KBaHe U PEMOHT B aBapMIiHO-CIIACUTEJIHUTE J1eHHOCTH

[ToaBu>XHUTE CpesicTBa 32 TEXHUYECKO 00CITy>)KBaHE M PEMOHT 3aeMaT KJIF4Y0BO MSCTO B
cucTeMaTa Ha WHXEHEPHO-TEXHHYECKOTO OCUTYpSIBAaHE TIIPH aBapUHHO-CIACHUTEIHU
JNeMHOCTH, ThH KaTO OCUTYpPSIBAT BB3MOXKHOCT 3a IMOAIbpPXKAHE M BH3CTAHOBSIBAHE Ha
paboTocrocoOHOCTTa Ha MH)KEHEpHaTa TEXHHKa B YCIOBHSTa Ha pa3pylleHa
UHPPACTPYKTypa M OrpaHUYEH JOCTBII 10 CTAllMOHAPHM pEMOHTHM Oa3zu. TsaxHaTta
(GyHKIMOHATHA POJIs € MPSAKO CBbp3aHa C HaMaJsIBAHE HA BPEMETO 32 BBH3CTAHOBSBAHE,
MOBMIIABAaHE HAa ABTOHOMHOCTTA U TOJIbp’KaHe Ha BHUCOKAa OINEpaTMBHA FOTOBHOCT Ha
WH)XEHEPHUTE (OPMUPOBAHHSL.

B 3aBucuMocT OT mnpeaHa3Ha4eHHWETO, HUBOTO Ha o00opyABaHe U oOXBaTra Ha
U3ITBJIHSABAHUTE JCHHOCTH TIOJBI)KHUTE CPENICTBA 32 TEXHUYECKO OOCITYy)KBaHE M PEMOHT
Morar ja O0pAar KIacuUIUpaHU MO HIKOJIKO OCHOBHHM MpHU3HaKa. EMUH OT OCHOBHHUTE
KpUTeprH € (PYHKIIMOHAIHOTO WM TIpeJHa3HAa4YeHHe, MPH KOETO Ce pa3rpaHryYaBaT
CpeZCTBa 3a TEXHWYECKA JMArHOCTHKA, 3@ TEKYI[ PEMOHT, 32 Bb3CTAHOBUTEJIEH PEMOHT U
3a KOMIUIEKCHO 00cmyBaHe. Ta3u kiacu(uKaus Mo3BOIsIBA ONTHMATHO pas3NpeieieHne
Ha PECypCUTE B 3aBHCHUMOCT OT XapakTepa Ha Bb3HHUKHAJIUTE MOBPEIU U ONEPaTHUBHUTE
W3UCKBAaHMS HA aBAPUITHO-CIIACUTEITHUTE ICHTHOCTH.

Jlpyr CBIIECTBEH MpH3HAK 3a KIacCU(PUKAIMs € CTelNeHTa Ha MOOMIIHOCT |
ABTOHOMHOCT Ha TOJBMXHUTE CpeAcTBAa. B To3uM acmekT ce 000co0sBaT CpencTsa,
U3IPAJICHN BBPXY aBTOMOOMJIHM IIACHTA, peMapKeTa WM MOAYJIHHU IUIATPOPMH, KOUTO
MoraT na ObraT ObBp30 pa3BbpHAaTH B 30HaTa Ha OeICTBHETO U JAa (PyHKIHOHHpAT
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IPOABIDKUTETHO BpeMe 0e3 BBHIIHO CHa0AsBaHE. ABTOHOMHOCTTA Ha TE€3H CPEJICTBA Ce
ornpenens OT HAIMYMETO HA €HEPruiiHM M3TOYHMLM, PE3€PBHHM 4YaCTH, UHCTPYMEHTH U
JMarHOCTUYHO O0OpyZIBaHE, HEOOXOAWMH 3a H3BBPIIBAHE HAa PEMOHTHHU JEHHOCTH B
IIOJIEBH YCIIOBHSL.

Taoéauya 3. Knacugpuxayus na IICTOP

Kpurepuii 3a

Kareropun/sunose IICTOP XapakrepucTHKa
KJIacu(puraums
ITo - O0m10 npegHa3HaYeHHE VYHuBepcaaHu 32 LIMPOK CIIEKTHP
IpeHa3HauYeHUE PEMOHTHU
- Crieunanu3upanu OnTuMu3upaHy 3a KOHKpETHA
TEXHMKA (T10KapHU aBTOMOOMIIH,
xuapasnuka, C/1O/1, reneparopu
u ap.)
ITo - ToBapHu aBTOMOOMIIH PaznuuaBar ce mo MoOMITHOCT,
KOHCTPYKTHBHA - MuxkpoOycu/BaHoBe KarauuTeT Ha 000pyBaHE U
wiatdopma - Konrelinepau/mMmoaymHu aBTOHOMHOCT; KOHTEHHEpHUTE
(mracu) OCUT'YpsIBaT Hal-rojiiMa
I'bBKABOCT
ITo - Mexanuunu OO6opynBanu criopes Haii-
byHKIIMOHATHA - EnextpoTexHuuecku YECTUTE OTKAa3U Ha TEXHUKATA;
crenurain3anus - XuapaBIuyHU KOMOMHHMPAHUTE M103BOJISIBAT
Ha PEMOHTA - 3aBapbuHU U3IIbJIHEHUE HA MHOXKECTBO
- KomOunupanu BHUJIOBE PEMOHTHHU JIEMHOCTH

I1o cremnen Ha
aBTOHOMHOCT

- OrpanuyeHa aBTOHOMHOCT
- CpeiHa aBTOHOMHOCT
- Bucoka aBTOHOMHOCT

3aBUCHUMHU OT BBHHUIHU PECYPCH
YacTHdyHO aBTOHOMHH

HanbiiHO aBTOHOMHU ¢ arperary,
KOMIIPECOPH U PE3EPBHU
TEUHOCTH

ITo BpemeBu
npodu Ha
U3I0JI3BaHe

- 3a Obp30 pearupane

- 3a MPOABIKUTEITHU
oreparuu

W3nons3Bar ce B HavasHuTe azu
Ha MHIWJIEHTa

W3non3Bar ce npu mMamadHu U
IIPOJBIDKUTEIIHN aBapUHHO-
CIIACUTEIIHU ACHCTBUSA

qDYHKIII/IOHaHHaTa poJId Ha MOABHKHUTEC CpPEACTBA 3a TCXHUYCCKO O6CJ'Iy>KBaH€ n

PEMOHT ce M3pa3siBa HE CaMO B U3BBPIIBAHETO HA KOHKPETHU PEMOHTHU OIEpPaIiH, HO U B
OCUTYPSABAHCTO Ha TCXHUUYCCKA AMArHOCTHUKA, MPCBAHTHBHA NOAAPDHKKA MU JIOTUCTUYHA
NOJ/IPBKKAa HAa MH)KEHEpHaTa TeXHHUKA. Upe3 CBOEBPEMEHHO OTKPHMBAHE M OTCTpaHSBaHE
Ha YaCTHYHU TIOBpPEIM C€ TPEIOTBpATSABA €CKaJalusATa Ha OTKa3UTe M Ce HaMaisBa
PUCKBT OT IbJHA 3ary0a Ha pabOTOCIOCOOHOCT B KPUTHYHU €Tamd Ha aBapuiiHO-
CITACUTEITHNTE OTIEPAITHH.

AHanu3bT Ha KIacu(puKauaTa 1 QyHKIIMOHAIHATA POJIsS HA IOJBM)KHUTE CPE/ICTBA 32
TEXHHUYECKO o6cny>1<BaHe U PEMOHT IIOKa3Ba, Y€ TAXHATA e(l)eKTI/IBHOCT 3aBUCU OT
CTETIEHTa Ha CBOTBETCTBHE MEXIY BB3MOKHOCTUTE Ha CpeACTBaTa U pEaJHHUTE
noTpeOHOCTH Ha WH)XCHEpPHaTa TEXHWKa B KOHKpPETHaTa OlepaTHBHAa cperma. ToBa
o0ycrnaBsi HEOOXOJUMOCTTA OT OLIEHKA Ha BBTPEIIHUTE M BBHIIHUTE (PAKTOPH, BIUSCIIN
BBPXY TAXHaTa pabOTOCIIOCOOHOCT U (PyHKIIMOHAIHA 0€30M1acHOCT.
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2.2. Bbrpeminu pakTopu, onpeaeasmm padoTocnocoOHOCTTA HA MHKEHEPHUTE
MAaIIMHH

PaboTtocrocobHoCTTa HA MHKEHEPHUTE MAIIMHU MIPH aBAPUHHO-CIIACUTEIHU JAEHHOCTH
ce ompezess B 3HAUUTENHA CTENEH OT ChBKYIHOCTTA Ha BBTPELIHUTE TEXHUUYECKU (aKTOPH,
SAJIOKCHU B TiAXHATa KOHCTPYKIHA, CKCIUIOATAHUOHHHU XAPAKTCPUCTHKU U CTCIICH Ha
TEXHUYECKO CbCTOsHUE. Te3n (akTopu OKa3BaT MHPSKO BIMSHUE BBbPXY HAJIEXKIHOCTTA,
0€30IacCHOCTTa W CHOCOOHOCTTa HAa MAIIMHUTE Ja HU3IIBJIHABAT IOCTABEHUTE 3a7aydl B
YCJIOBUS Ha MIOBUILIEHU HATOBAPBAHMS U OTPAaHUYEHU PECYPCH.

KbM ocHOBHHTE BBTpEIIHH (AKTOPHU C€ OTHACAT KOHCTPYKTHBHUTE OCOOCHOCTH Ha
MAaIIMHUTE, BKIIOUUTEIIHO 3JpPaBUHATA U YCTONYMBOCTTA HA HOCEIIUTE €JIEMEHTH, KaYECTBOTO
N HaJCKIHOCTTAa Ha CHJIOBUTC arperatu, TPaHCMUCUHUTC U pa60THI/IT€ OpraHv, KaKTO H
CTENEHTa Ha MOJYJHOCT M PEMOHTONPUTOJHOCT. KOHCTPYKTHMBHUTE pEILEHUS, KOUTO
YJICCHABAT AOCTHIIA 10 BB3JIM U arpe€ratu U IO3BOJISABAT 6Lp3a noaMsaHa WJIK pEMOHT, Ca OT
CBIIECTBEHO 3HAYEHUE 32 MOIbpKaHe Ha pad0TOCIIOCOOHOCTTA B IIOJIEBH YCIOBHS.

C’I)IIIGCTBGH BBTPCHICH (1)aKTOp € TEXHHUYECKOTO CBCTOAHUEC Ha MAIINMHUTE, KOECTO CE
olpeieNs OT CTENEeHTa Ha U3HOCBAaHE HA OCHOBHUTE Bb3JIM, HAINYMETO HA CKPUTH e(EeKTH U
CBbCTOSIHUETO Ha CHUCTEMUTE 3a yIlpaBieHue u OesomacHocT. Hepocrarbunata wnn
HECBOCBPEMEHHA TEXHMYECKA [MAarHOCTUKAa MOXE /1a JIOBEAE 10 Bb3HMKBAHE HA OTKa3H B
KPpUTUYHU MOMCHTHU, KOCTO KOMIIPOMCTHPA HU3INBJIHCHUCTO Ha aBaprIHO-CHaCHTCHHHTe
oIrepanuu.

3HayuTeIHA POJIA UIrpasiT U BBTPCHIHUTC CKCIUIOATAIMOHHH ITapaMETpu, CBbP3aHU C
peKuMHTE Ha paboTa, HATOBAPBAHMATA M B3aUMOJIEHCTBUETO MEXY OTICIHUTE CUCTEMH Ha
MamuHarta. B yCJIOBUsATA Ha aBaprIHO-CHaCHTCHHH I[GleOCTPI HHKXCHCPHUTC MAllIMHU YCCTO
paboTAT M3BbH HOMMHAJIHHUTE CH DPEXKUMH, KOETO YCKOpSBAa HM3HOCBAHETO M YyBEJIMYaBa
BCPOATHOCTTA OT q)YHKHI/IOHaIIHI/I orkasu. ToBa Hajara IIOBHIIEHM W3WCKBAaHUS KbM
CHUCTEMMTE 3a KOHTPOJ, JUATHOCTHKA U YIIPABJICHUE HA TEXHUYECKOTO CHCTOSHHUE.

AHanu3bT Ha BBTPEUIHUTE (QaKTOpu IMOKa3Ba, u4e pabOTOCmOCOOHOCTTAa Ha
WHXCHEPHUTE MAIIMHU HE € CTaTUYHA BEJIMYMHA, & JUHAMUYEH I10Ka3aTell, KOWUTO € U3MEHS
B 3aBUCHUMOCT OT TCXHHUYCCKOTO CHCTOAHHEC, PCKUMHUTC Ha CKCIJIOATAOWA N C(l)eKTI/IBHOCTTa
Ha nojyIpbhxkara. ToBa oOycnaBs HEOOXOAMMOCTTA OT MPHJIaraHe Ha CUCTEMEH MOJIXOJ KbM
TEXHUYCCKATa JUArHOCTHUKA U YIIPABJICHUETO HA TCXHUYCCKOTO CHCTOSHUC, KOMUTO Ja OCurypu
CBOCBPEMEHHO OTKpPHMBAHE Ha JETPaJlalliOHHU IPOLECH U NPEAOTBpATSIBAHE HA KPUTUYHU
OTKa3H.

2.3. BpHIIHH (paKkTOPH U 3a1UIaXU B YCJIOBUATA HA IPUPOIHH O0CACTBHA
U AHTPONOTeHHU MHIMICHTH

BoHimHUTE  QakTopm M 3allaxd  OKa3BaT  CHINECTBEHO  BIHUSHHUE  BBPXY
pabotocrocoOHOCTTa W (PyHKIIMOHATIHATa OE30MacHOCT Ha WHXEHEPHUTE MAIIUHHU TIPH
aBapHUITHO-CIIACUTETHHU ICHHOCTH. 3a pa3NiiKa OT BbTPEUIHUTE (PaKTOPH, KOUTO Ca CBBP3aHH C
KOHCTPYKIOUATA U TCXHUYCCKOTO CbCTOAHUEC HAa MAIIMHUTC, BBHITHUTC CbaKTOpI/I CC onmpeaciIAT
OT XapaKTePUCTHKUTE Ha CpeaTa, B KOSTO C€ M3BBPIIBAT CIACUTEIHUTE OMEpaIlu, U Y€CTO
ca ¢ IPOMEHJIMB U TPYIHO MTPOTHO3UPYEM XapaKTep.

KbM ocHOBHUTE BBHIIHHU (PAKTOPU CE€ OTHACAT KIMMATHYHUTE U METCOPOJOTUYHHUTE
YCIIOBHUSA, BKIOYUTCIIHO CKCTPEMHU TEMIICPATYPU, BaAJICKHU, BATHP, CHETOBAJIICKHU H
3aNesIBaHuUs, KOUTO BIIHSISAT BHPXY MPOXOJUMOCTTA, CIEIUICHUETO, OXJIaKIAHEeTO U paboTara
Ha CUJIOBHUTC U XUAPABINYHUTEC CUCTCMU. B YCJIOBUsATAa HA HABOAHCHUS, IMMOKAPU U CBJIaAYHIIa
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VH)XCHEPHUTE MAIllMHU Ca NOJJIOKEHH Ha BB3JCHCTBUETO HAa BOJA, Kaj, Ipax, arpeCUBHU
XMMHWYHH BEIIECTBA U BUCOKH TEMIIEPATYPH, KOETO YBEIMYaBa PUCKa OT YCKOPEHO U3HOCBaHE
¥ BHE3AITHU OTKa3M.

CrplecTBeH BBHIIECH (DAKTOp MpEACTaBiIsABa ChCTOSHUETO Ha HHQpaAcTpyKTypaTa B
30HaTa Ha OexcTBHETO. Pa3zpylieHn MbTHINA, MOCTOBE U KOMYHHUKAIIMU OTPAaHMYABAT JOCTHIIA
Ha WH)KEHEpHATa TEXHWKa M 3aTPYIHSBAT HM3BBHPIIBAHETO HA TEXHUUYECKO OOCITy>XBaHE H
peMoHT. ToBa Hanara M3IM0JI3BaHETO HAa MAIIMHU C IMIOBUIIEHA TPOXOAUMOCT U AaBTOHOMHOCT,
KaKTO W Ha TOJBIKHHU CPEJICTBA 3a TEXHUYECKO OOCITY)KBaHE W PEMOHT, CIOCOOHHU Jaa
(GYHKIIMOHUPAT TMPH JIUTICA HA CTAIMOHAPHA HHPPACTPYKTYpA.

AHTPOTIOT€HHUTE WHIMJIEHTH, KaTO MPOMUIILICHH aBapuH, TPAHCIIOPTHU KaTtacTpodu
Y 3aMbpPCSIBAHMUS C OIACHHU BEIIECTBA, Ch3/1aBaT JOIMBJIHUTEIHU PUCKOBE 3a MH)KECHEpHATa
TeXHUKAa W OOCIyXBalus TepcoHand. HamuyueTro Ha TOKCHYHH, B3PUBOOMACHH WJIH
PaaMOAaKTUBHU BEIIECTBA M3MCKBA M3MOJI3BAHETO HA CHEUHUAIM3UPAHU 3ALIMTHU CPEACTBA U
orpaHWYaBa BpeMeETO 3a paboTa B 30HaTa HA MHIIMJICHTA, KOETO OKa3Ba MPSKO BIUSHUE BHPXY
OpraHU3alMATAa HA HH)KEHEPHO-TEXHUYECKOTO OCUTYPSIBAHE.

AHanu3bT Ha BRHIIHUTE (DAaKTOPH U 3aIlJIaXy MOKa3Ba, 4e TAXHOTO BB3JCHCTBHE BHPXY
WH)KCHCPHUTE MAIIMHA € KOMIUIGKCHO M YeCTO KOMOWHHpPAaHO, KOETO 3aTpyIHSBa
NpUJIaraHeTo Ha CTaHAApTHU TMOAXOAU 3a NONApBXKKAa U peMoHT. ToBa oOycrnaBs
HEOOXOJMMOCTTAa OT WHTETPUPAHE HA METOIU 3a OICHKAa Ha pUCKa W (yHKIMOHATHATA
0€30macHOCT, KOUTO Jla OTYMTAT BIMSHHETO Ha CpeJara W Jia MoJIoMarar B3€MaHETO Ha
pelIeHus 3a TMOIbpKaHe Ha paboTOCIIOCOOHOCTTA HA TEXHUKATA TIPU aBApUUHO-CIIACHTEITHH
NEHHOCTH.

2.4. MeTo10/10rMH 32 TEXHHYECKA JHATHOCTHKA M OLIEHKA HA PUCKA Ha
WH)KEHEePHUTE MALTUHI

TexHuyeckaTa AMArHOCTHKA U OLICHKaTa HA PUCKa MIPEICTaBIsABAT OCHOBHU €JIEMEHTH
OT CHUCTEMaTa 3a WHXCHEPHO-TEXHUYECKO OCHUIypsIBaHE IIpU aBaApPUUHO-CIIACUTEIIHU
JNeMHOCTH, ThH KAaTO OCUTYpsBaT CBOEBPEMEHHO HJIEHTH(UIMpaHe Ha OTKJIOHEHHATa B
TEXHUUYECKOTO CHhCTOSHUE Ha WHXKEHEPHUTE MAIllMHU U MpeAOoTBpaTsBaHe Ha (yHKIHMOHAIHU
OTKa3W B KPUTHYHM €TalM Ha onepauusaTa. B ycioBusATa Ha IOBUIICHA IWHAMUKA U
OTpaHMYEHO BpEME€ IMArHOCTMYHUTE MPOIECH cieABa Ja ObJaT HAaCOYEeHH KbM OBp30 U
HaJIeXKIHO ONpesiessiHe Ha pab0TOCOCOOHOCTTA M OCTaThUHUS PECYpPC HA OCHOBHHUTE BB3JIH U
arperaru.

MeTtononornnure 3a TEXHHYECKA JUArHOCTUKA BKJIIOYBAT BU3YaJHHW, NHCTPYMEHTAJIHU
U (YHKIUOHAJIHU METOAM, Ype3 KOUTO C€ OLEHSIBAa CHCTOSHUETO HA KOHCTPYKTUBHUTE
€JIEMEHTH, CHWJIOBUTE, XUAPABINYHUTE U €JIEKTPOHHUTE CUCTEMHU Ha WH)KECHEPHUTE MAILWHHU.
Busyannata auarHocTuka Io3BOJIsIBA OBp30 OTKpUMBAaHE HAa BUIUMH IOBPEIU, TEUOBE U
negopmanuy, AOKaTO HMHCTPYMEHTAJIHHUTE METOAM OCUTYpsSBaT I10-TOYHA OIIEHKAa Ha
napaMeTpu KaTo HajAraHe, TeMIlepaTypa, BHOpalMi U eJIEeKTPUYECKH XapaKTePUCTHKH.
@YHKIIMOHAIHUTE W3MWTBAHUSA JOMBIBAT JAWArHOCTUYHMS MPOLIEC upe3 IpOBEpKa Ha
paboTaTa Ha CUCTEMUTE B PEAJTHU WJIM OJIM3KH /10 PEATHUTE PEKUMU Ha €KCIIoaTallus.

OneHkara Ha pUCKa IPU EKCIIOATALMATAa HA NHKEHEPHUTE MAIllMHU CE OCHOBaBa Ha
aHaJIM3 Ha BEPOSATHOCTTA 32 Bb3HUKBAHE HA OTKA3 M HA TEKECTTA HA HETOBUTE MOCIEACTBUSA 3a
aBapUIHO-CIIACUTEIHUTE JeHHOCTH. B TO3M KOHTEKCT ce mpwiaraT MeETOAHM 3a
uAeHTU(QUIIMpAaHE Ha KPUTUYHUTE BB3IM U MPOILECH, KAKTO W 3a KilacupuuupaHe Ha
PUCKOBETE B 3aBUCUMOCT OT TsAXHaTa 3HAYMMOCT. MHTerpupaHero Ha pe3yaTaTHTE OT
TEXHUYECKaTa JUAarHoCTHKa B IIPOIleCAa HA OLEHKa Ha pHCKa IO3BOJSABA B3E€MAHETO Ha
00OCHOBaHM pEIIEHUS] OTHOCHO HEOOXOJMMOCTTa OT PEMOHT, MOAMSHA WU BPEMEHHO
M3BaX/IAaHE OT €KCIUToaTalusl Ha OT/IEJTHU MaIIuHU.
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Che3gaBaHe HA HHCIIOPMEIIIIIOHHEI OCHOBA 34 OLI€HKATA

¥

AHA/IHZ HA 00CTAHORKATA H 0CO0EHOCTHTE HA paﬁona

I

Onenxa Ha 3aIJIAXHTe OneHaKa HA NOTeHOHAJTHHTE IeTH
* HIeHTHQHIHPAaHEe HA 3a0/IAXHTe * AHA/IA3 HA YA3BHMOCTH
* onpeJe/iiHe HA H3TOYHAIOHATE HA * OIeHKA HA HAQpPaCTPYKTYpaTa
PHCKE

* OeéHKA HA MOC/JIeICTEHATA

* pa3pabdoTBAHEe HA COEHAPHH
* ompeJesiHe HA PHCKOBRH KATeTOPHH

* IPOTHOZHPAHE HA BEPOATHOCTH

O]Ipe,uemme HA 3JHATHTe/JIHHH DPHCK
. KOMGHHHPEIHE HAa BEPOATHOCT H MOC/IeICTBHHA

* IPHOPHTH3HPAHE¢ HA PACKOBHTE 30HH

KoMOHHHpAHA IPeJBAPHTETHA OeHKA

* KATeTOpPH3IHPAHE HA PHCKA

* dopMyIHpaHe HA TPeNOPEKHA

QDueypa Ne 3. Cmpykmypupar npoyec 3a OYeHKa Ha ONacHocmume, ya36umocmume u
KOMOUHUPAHUSL PUCK

AHaIM3bT HAa METOJOJIOTMHUTE 3a TEXHUYECKa IUAarHOCTMKAa W OILICHKAa Ha pHUCKa
MOKa3Ba, ue TAXHaTa €()eKTUBHOCT 3aBHCH OT CTEMEHTa Ha MHTErpalus B o0IIaTa cucreMa 3a
WHXXEHEPHO-TEXHUYECKO ocUrypsiBane. [Ipunaranero Ha CHCTEMEH MOIX0/I, KOUTO 00eIMHsBA
JAArHOCTUYHUTE pe3yJITaTH, OLEHKaTa Ha pHUCKa U IUIAHUPAHETO Ha PEMOHTHO-
BB3CTAaHOBUTEIIHUTE JIEWHOCTH, Ch3/]aBa MPEANOCTABKY 3a MOBUINIABAHE HA (PYHKIIMOHATHATA
HAJSKIHOCT M OE30MacHOCTTa Ha HWHXKEHEPHUTE MAlIMHH TpPH aBapUIHO-CIACUTEIHU
JIEWHOCTH.

2.5. MHTerpupan mojeJ Ha BiusieniuTe GakTropu BbpPXy
(GyHKIMOHATHATA HAAEHKIAHOCT

Wnterpupanarta oueHka Ha (akTopuTe, BIUSCIIM BbpPXY (YHKIHMOHAIHATA
HAJCKIHOCT Ha HH)KEHEpPHAaTa TEeXHUKa IpPU aBapUIlHO-CIIAaCUTENHU JIeHHOCTH, W3HCKBa
CHCTEMHO Da3riekJaHe Ha BBTPEIIHUTE MapaMeTpyd Ha MallMHaTa, BBHIIHATAa OlepaThBHA
cpela M PpUCKOBUTE BB3JAEHCTBUS, KOWTO JEWCTBAT €JIHOBPEMEHHO U B JAMHAMHUYHA
B3aUMOBpB3Ka. [IpakTukaTa mokaspa, 4e OTKa3UTe PSJIKO ca pe3yaTar OT eJUHUYEH (akTop, a

14



BH3HUKBAT BCJIEJACTBHE HAa KOMOMHHMpAHMS M CHHEpPru4YeH e(eKT Ha KOHCTPYKTHBHH,
€KCIUIOATAallMOHHU U CPEIOBU BIIUSHUS.

@OyHKIMOHANIHATA HAIGKTHOCT HA WH)KEHEpHATa TEXHHKA B YCIOBHATA Ha OEICTBUS
cle/iBa J1a ce€ pasMiexkJa KaTo JWHAMUYEH OallaHC MeXAy MOTeHIMala Ha MalluHata jaa
[I0€Ma HATOBApBAaHE M TEMIIA HA JEerpajanus Ha HEHHUTE CUCTEMHU IIOJ BB3ICHCTBUETO HA
BBHIIIHATA cpefa. B TO3M CMHCHI OlleHKaTa Ha HAJEKIHOCTTA HE MOXE Ja Obje CTaThuyHa
iy 0a3upaHa eIMHCTBEHO Ha MACIOPTEH Pecypc, a CiIeBa Aa OTYUTA TEKYIIOTO TEXHUYECKO
CHhCTOSIHUE, YCIOBUATA HA eKCIUIoaTalus U e(eKTUBHOCTTA HA TEXHUYECKATa MOJAPHIKKA.

AHaM3BT HA MPEAXOJHUTE MOAPA3ACIN II0Ka3Ba, Y€ BB3JICHCTBUETO BBPXY
paboTocrnocoOHOCTTa Ha HMH)KEHEpPHATa TEXHHMKA C€ peallu3upa 4pe3 TPU OCHOBHHM TPy
dakTopu: BBTpEmIHU (PAKTOPHU, OTpaA3ABAIIM CTPYKTYPHO-TEXHHYECKOTO CHCTOSIHUE U
OCTaThYHUS pPecypc; BbHIIHU (HAKTOpHU, 0O0YCIOBEHH OT XapaKTEPUCTUKUTE HA OlepaTUBHATA
cpena W OEICTBEHHTE BB3ACUCTBUS; U PUCKOBH (DAKTOPH, CBBP3aHU C BEPOSITHOCTTA U
KPUTHYHOCTTa Ha OTKa3UTe€ B OTACIHUTE BB3JIM M arperatu. KirodoBustr mnpobiieM B
NpaKkTUKaTa € He HAJMYUETO Ha OTHAENEH (aKTop, a E€IHOBPEMEHHOTO M KOMOWHHPAHO
BIIUSTHUE HA Te3U (DaKTOPHU B KOHKPETHUS ONEPATHUBEH KOHTEKCT.

BbHWHMU baKTOpM

-
I, \\\
/’ ~
7 \\
. \ ;
,’ A 2 \‘
I 1
1 1
I
I ®YHKLMNOHANHA H
| HALOEXXOHOCT (Kf) I
! i
\ ]
‘\ A I’
X i
/

dPaxkTOpPM Ha

TexHu4Yecku haxkTopm PEMOHTONPUIrOAHOCT

AuvarHocTtu4Hm bakTopm

Queypa Ne 4. Paouanen moden Ha OCHOBHUME (hakmopu, éiusewyu 6bpxy OyHKYUOHATHAMA
HaoexcoHocm

C ormex Ha TOBa ce Ipeiiara HW3IMOJ3BaHETO HAa MHTETpalieH KOe(pUIMEHT Ha
byHKIIMOHATHA HaleXKAHOCT Ky , KOWTO oOeAuHsBA BBTPEIIHUTE, BHHIIHUTE U PUCKOBHUTE
BIIUSIHUS, TPETEIVICHU CIIOpPE] TSAXHATa OIEpPAaTHBHA 3HAYMMOCT U HOPMAIM3UPAHU CIPSIMO
BpPEMEBHS TMATHOCTUYEH MHTEpBAI. POPMAITHOTO MPEACTABSIHE HA MOJIENA €:

(K X wy) + (Ko X w,) + (K, X w,) 2.1)
- T

Ky
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Ksaero:

Ky — nnTerpanen koepuuueHT Ha GyHKIMOHATIHA HA/ICKIHOCT;

K; — xoeuumeHT Ha BbTpeUIHUTE (PAaKTOPH (CTPYKTYPHO-TEXHUYECKO ChCTOSHUE);
K.— xoedurieHT Ha BHHIIHKUTE (PakTOpH (ONIEpaTUBHA CPE/la U BB3ICUCTBUS);

K, — xoedurueHT Ha pUCKOBUTE PaKTOPH (IMATHOCTUYHO ONpeIesieHa BEPOSTHOCT 3a
0TKa3);

Wi, We, W, — TETJIOBH KOC(QHIIMECHTH, OLICHSIBAIINA OTHOCUTEITHATA 3HAYMMOCT Ha BCSKA
rpyna (pakTopu 3a KOHKpETHATa MUCHS;

Ts— BpeMeBU TMArHOCTUYEH MHTEPBAJI, ONPEACIIAI] YeCTOTaTa HA MOHUTOPUHTA U
OOHOBSIBAHETO HA JIAHHHUTE 32 ChbCTOSHUETO HAa MAIIMHATA.

I/IHTerpaJIHI/IH KOG(bI/II_[I/ICHT Ha (bYHKL[I/IOHaJ'IHa HaJCXKIHOCT Kf IIO3BOJJIsIBAa HC CaMO
KOJMYCCTBCHA OLICHKA Ha TCKyllaTa (bYHKIII/IOHaJIHa HaACKIHOCT, HO W HNPOrHO3HMpPAHC Ha
N3MCHCHUCTO Ha pa6OTOCHOCO6HOCTTa BBB BPEMCETO, KOCTO I'0 IIpaBU IIPUIIOKUM UHCTPYMCHT
3a OIICPATUBHO INJIAHHUPAHEC, IPUOPUTUZUPAHC HA TCXHUYICCKATA MMOAAPBIKKA U OIITUMHU3UPAHC
Ha H3II0JI3BAHCTO HA IMMOABMKHHUTEC CPCACTBA 3da TCXHHUYICCKO 060J'Iy>KBaHC H PCMOHT.

MN3BOAU OT PA3JAEJ BTOPHU

1. PaGorocriocoOHOCTTa U (PYyHKLMOHATHATA HAAEKIHOCT Ha MH)KCHEpHAaTa TeXHUKA
ce ¢popMHpaT B yCJIOBUS HA BUCOKA IMHAMMKA M HEONPEAEICHOCT, IIPU KOUTO Bb3JEHCTBUATA
BbpPXY MAILIMHUTE CE PEAIMU3UPAT €IHOBPEMEHHO YPE3 BBTPELIHU TEXHUYECKHU IapaMeTpH,
BBHIIHU (U3UKO-XUMUYHH (DAKTOpPU U PUCKOBH BB3JICHCTBHS, ONPEACISIHA IMOCPEICTBOM
METO/M 34 AUarHOCTHKA.

2. I/IBOJ'II/IpaHOTO OICHABAHC HAa TEXHUYCCKOTO CbCTOSAHUEC HA BB3JIUTE U arpe€rature €
HEAOCTAaThYHO 3a HAACKIHO IPOTHO3WpPAHC Ha OTKa3Hu, ThH KaTO BBLHIIHATA OorcpaTuBHA
cpeaa U BCPOATHOCTHO-PHUCKOBHUTC IIOKA3aTCIM OKa3BaAT CBHUOICCTBECHO BIIMAHUC BbHPXY
pa6OTHI/I$I pecypc u YCTOﬁqHBOCTTa Ha MHKCHEpHATa TCXHUKA.

3. dynkuuoHamHaTa HAJSKIHOCT CIEBAa Ja Ce pas3riexaa KaTo HWHTErpajeH
napaMeTbp, KOMTO 0OeqUHSBA TEXHHYECKH, CPEIOBH M PUCKOBU BB3ACUCTBUS M OTUYUTA
TAXHOTO €IHOBPEMEHHO MPOSIBICHUE U JUHAMUKA BBB BPEMETO, KOETO MpPaBU CTATUUYHUTE
OIICHKM Ha TEXHUYECKaTa H3MPABHOCT HEMPHIOKHUMHU B pPEAJHU aBAPUHHO-CIIACUTEITHU
YCIIOBUSL.

4. OGocHOBaHa € HEOOXOAMMOCTTA OT MHTETPUPaAH aHATUTHUYEH MOXO0]] 32 OIICHKA Ha
(GyHKIIMOHATHATA HAJIeKTHOCT, TO3BOJISBAI KOJMYECTBEHO MPECTaBIHE HA CHCTOSHUETO,
MpociieiiBaHe Ha HEroBaTa JWHAMHUKA M Ch3JaBaHe HA METOJWYECKa OCHOBA 3a MOJEIHpaHe,
MPOTHO3MpAHE HA OTKA3M M ONTUMHU3MpaHE Ha MOJAPHKKATA U PECYpPCHOTO OCUTYpSIBaHE,
pa3BUTH B pa3iell TPETH.
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PA3JIEJI TPETH

MOJAEJIMPAHE U OITUMU3UPAHE HA TPOLUECHUTE 110 HH)KXEHEPHO-
TEXHUYECKO OCUTYPSIBAHE ITIPU ABAPUHHO-CIIACUTEJIHA JEHMHOCTH

3.1. AHAJIM3 HA ITPOBJIEMHUTE OBJIACTH B EKCINIOATALIUATA
HA NTH)KEHEPHATA TEXHUKA

Excruloatanusara Ha MH)KCHEpHATa TEXHUKA IIPU aBapUNHO-CIIACUTEJIHU JIEWHOCTH CE
OCBLIECTBSBA B YCIOBHS, CBUICCTBEHO PA3JIMYaBalIM CE€ OT CTAHJAPTHUTE €KCIUIOATALlMOHHU
PEKUMH, KOETO BOJM JIO IOBULIEHM W TPYAHO IPOTHO3UPYEMHU HATOBApBaHMSI BBPXY
arperature, oOOpyABaHETO U OOcIyxBalus nepcoHan. KoMOMHMpPaHOTO BB3ACHCTBUE Ha
MEXaHWUYHU, TEPMUYHH W XHMHUYHU (HaKTOPH YCKOpSBA JIETPAJALMOHHUTE IPOLECH U
yBeJIM4aBa pUcka OT (PyHKIMOHAJIHU OTKAa3H, OPU IPU MAIIMHU C HOMUHAJIHA TEXHUYECKA
U3MPABHOCT.

AHanu3bpT Ha  EKCIUIOATAlMOHHWTE  OTKJIOHEHWs II0Ka3Ba, Ye CHaabT B
paboTOCIOCOOHOCTTA PSAIKO € PE3yNTaT OT EAMHUYCH (PaKTOp, a CE IBJDKH Ha KyMYJIaTHBHHS
epeKT OT BBTPELUIHM TEXHUYECKH OrPAHUYEHUS, BBHIIHU CpPEJOBU BB3ACHCTBHUS U
HEeJ0CTaTbyHA aJanTalys Ha OPraHUu3allMOHHO-JOTMCTUYHUTE IPOLECH KbM YCIOBUSATA Ha
KOHKpETHAaTa MHMCHs. B TO3M CMHMCBI MH)XKEHEpHATa TEXHUKA CIIe[Ba Ja C€ pasmIekaa Karo
yacT OT B3aMMOCBBP3aHa HMH)KEHEPHO-TEXHHYECKA CUCTEMa, B KOSITO €(EKTHBHOCTTa Ha
OTJIEJIHMSI €JIEMEHT 3aBUCHU OT TEXHHYECKOTO MY CBCTOSIHME, YNPaBICHHUETO, NMOINPBHKKATA,
JIOTUCTUYHOTO OCUTYpsIBaHE U BPEMEBUTE OTPAaHUUYEHUS Ha ONEpALIUATA.

[IpobnemuuTe 06JaCTH B €KCIUIOATALMATA HA MH)XKEHEPHATa TEXHUKA MOraT Ja ObJaaT
CHCTEMAaTH3UpPaHH 110 MeXaHu3Ma (aKTOp — OTKIOHEHUE — MOCIIEACTBUE, KaTO OT ONepaTHBHA
IJIeJHA TOYKA CE MPOSABSIBAT YPE3 TPU OCHOBHU I'PYNH OTKJIOHEHUS:

— TEXHUYECKO-PECYPCHHU, CBBP3aHU C YCKOPEHO M3HOCBaHE M HECTAOMIIHU PEXHUMHU Ha
pabora;

— CpefoBH, OOYCIOBEHM OT arpecuBHU (U3UKO-XUMHUYHU M METEOPOJOrMYHH
BB3IACUCTBUS;

— OINEpaTWBHHU, MPOU3TUYAIIM OT OIPAHWYEHUS BBB BPEMETO, JIOTUCTUKATa H
HAaTOBAPBAHETO Ha EKUIIaXka.

[locouenure rpymu OTKIOHEHUS HE JIeHCTBAT M30JMpaHo, a (opmupar
B3alMOCBBP3aHa CUCTEMA OT NPUUYMHU MU TOCJIEACTBUA, NPU KOSTO BB3IAECHCTBUETO BBHPXY
€IIMH €JIEMEHT BOJM JI0 BEPUIKHO BIIOIIaBaHE Ha obmiara padboTocmnocobHoct. Toa 00yciaBs
HEOOXOJMMOCTTa OT CTPYKTYpHpaHa HACHTU(UKALMA Ha MPOOJIEeMHHUTE OONAacTH M TAXHATA
KOJIMYECTBEHA OLIEHKAa KaTo YacT OT IAJOCTHaTa CHUCTEMa 3a WH)KEHEPHO-TEXHUYECKO
OCHUT'ypsIBaHE.

Taonuuya 5. Ilpoonemnu odracmu, nocie0cmeusn U UHOUKAMOPU 3a UIMEPBaHe

OnepaTuBHO
IIpoGaemua obnact HNuaukarop 3a u3amepBane
MOCJIeICTBHE
- Temn Ha nerpaganus Ha
Y cKOpeHO U3HOCBaHE Ha Hamanena momuoct u pecypca
BB3JIU U arperaTu IIPOU3BOIUTEIHOCT - HacoBe 10 fOCTUTaHE Ha
KpUTHYEH Ipar
TepMuuno/BUOpaIMOHHO Hecrtabunna pabora non | - TemneparypHu u
IIPETOBAapPBaHE HaTOBAapBaHE BUOPAIIMOHHH aMILIUTY TN
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IIpodJsiemHa obdsaact

OnepatuBHO
MOCJIe/ICTBHE

HNuaukarTop 3a usmMepBaHe

- OTKJIOHEHUE OT HOMUHAJIHUTE
napaMeTpH

HeedexTnBHa XxuapaBanyHa
WJIY €HEPrUuiiHa CUCTEMA

3ary0a Ha ynpaBJisieMOCT
1 (QYHKITMOHAITHA
peXKUMH

- ITag Ha HanaraneTo

- HecTabumHoCT Ha
HaIMPEeKESHUETO

- Koncymanus Ha ropuBo

ArpecuBHa cpena
(xumuaHa/OnoI0THYHA/
paauanuoHHa)

[ToBumien puck 3a
EKUTIaKa ¥ HaMaJlsiBaHe
Ha IPOABIDKUTEITHOCTTA
Ha pabora

- HuBa Ha 3ambpcsBane
BpeMe 3a Oe3omacHa
eKkcIuIoaranys 0e3 3ammra

Hebnaronpusiten TepeH u
eI TCTBUS

OrpannueHa
MaHEBPEHOCT U
JOCTBITHOCT

- CKOpOCT Ha NMPUBUIKBAHE
- [TpouieHT HEMmpoxoAUMU
Y4acThIIH

OrpanuyeHa JOrMCTUYHA
MOJIPBKKA

3abaBsHe Ha paOOTHUS
IIUKBI © PEMOHTHUTE

- Bpeme 3a gocraBka Ha
pE3epBHU YaCTH
- Bpeme 3a o0ciykBaHe

- UuTepBan Mmexny

Henbnna nuarnoctuyna [Ipomycku B Iporuosara | IMarHOCTHKHU
OCUT'YPEHOCT 3a OTKa3 - ToynocT Ha IMarHOCTUYHUTE
CUTHAJIN

- [IpoabiKuTETHOCT HA CMsIHA
- Koeduuuent na ymopa
- bpoii onepaTopcKu rpeniku

Bucoka nHatoBapeHOCT Ha
eKHunaxa

[ToBumieHa BepoOATHOCT
OT IPEIIKU U UHUUJCHTH

AHanu3bT N0Ka3Ba, Y€ 3HAUUTEIHA YaCT OT HETaTUBHUTE MOCJIEICTBUSA Ca CBbP3aHH HE
C MBPBUYHOTO BB3HMKBAHE Ha OTKa3uW, a C OrPAaHUYEHUTE BB3MOXKHOCTH 3a TAXHOTO
CBOEBPEMEHHO JMAarHOCTULMpPaHe, OOCIyKBaHE M OTCTpaHSBaHE B 30HATAa Ha aBapuUiiHO-
CHacUTENHUTE JaelcTBUA. ToBa MOCTaBs MOAJIPBAKKATa, PEMOHTa M BH3CTAHOBSIBAHETO Ha
WH)XCHEpHATa TEXHHUKA B [ICHThPa Ha HHKEHEPHO-TEXHUUECKOTO OCUTYPSIBAHE.

C omen Ha TOBa ce OOOCHOBaBa HEOOXOJUMOCTTa OT KOJIMYECTBEHO H3MEpUMa
cucTeMa OT IOKa3aTelu 3a OL[EHKa Ha pab0TOCIIOCOOHOCTTA HA MH)KEHEpHAaTa TEXHUKA.

CrpuiectByBamata cucrema ot mnokasarenu C1-C25 He oTpassiBa B MbJHA CTENEH
cneuudurkara Ha TMOJIBM)KHHUTE CpEICTBA 3a TEXHUYECKO OOCIy)KBaHE M PEMOHT,
(GYHKIIMOHMpAIIY B YCIOBHSI HA OTPAaHUYEHO BpEMeE, JINTICA Ha CTAal[MOHapHa MHPPACTPYKTypa
Y TIOBMILIEH PHUCK.

[Topanu ToBa ce mpeasiara BpBeX1aHeTO Ha nojcucrema C26 , IlogBukHU cpencTBa 3a
TEXHUYECKO OOCIIy’)KBaHE M PEMOHT™, KOSTO HAArpa)<ia ChILECTByBallaTa CHUCTEMa dYpe3
aKLIEHT BbBpPXY OIlepaTUBHATa TOTOBHOCT, PEMOHTHO-Bb3CTAHOBUTEIHUSA MOTEHUUAN U
aBToHOMHOTO (yHkunoHupane Ha IICTOP. IToncucrema C26 BkiI04YBa TpH (PYHKLIMOHATHU
HamnpaBiieHus: onepaTuBHA rOTOBHOCT (C261), peMOHTHO-BB3CTaHOBUTENHU AeiHOCTH (C262)
U aBTOHOMHO ¢yHkunoHHpaHe (C263), KOMTO OCHUTypsiBaT IeJIeHacOueHa M MPUIOKHMA
OIICHKA B YCJIOBUATA HA aBapUUHO-CIIACUTETHH OIepaIiu.

3.2. Pa3zpaldoTBaHe HA cMCTeMA OT NMOKA3aTe/IM 32 OLIEHKA Ha
padorocnocodOHOCTTA

EdexTuBHOCTTA Ha WH)KEHEpPHATa TEXHHWKA TPU aBAPUHHO-CIIACHUTENHU JEHHOCTU
M3HUCKBAa HEMHOTO TEXHHUYECKO CHCTOSTHHME W PabOTOCTIOCOOHOCT /1a OBJAT OIECHSIBAaHU 4Ype3
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cUcTeMa OT KOJMYECTBEHU II0Ka3aTelld, KOUTO OOCKTMBHO OTpa3sBaT BIMSHUETO Ha
BBTPEIIHUTE, BHHIIHUTE, PUCKOBUTE U OlNepaTuBHUTE (pakTopu. B ycrnoBusTa Ha moBuiieHa
JUHAMHKa U HEOIPEIEICHOCT TEXHUYECKaTa JMAarHOCTUKAa C€ YTBBP)KJIaBa KAaTO OCHOBEH
MHCTPYMEHT 3a MOJy4yaBaHE Ha HaJeXJIHa MHPOpMalus 32 ChCTOSHUETO HAa WHKEHEPHUTE
MAIIMHHU U 32 B36MAaHE HA CBOEBPEMEHHU PELIEHMSI IPU OTPAHUYEHO BPEME U PECYPCH.

AHanu3bT Ha CHIIECTBYBAIIUTE MOJIXOJIM MOKa3Ba, Y€ KIACHMYECKUTE MOKa3aTelu OT
TEOpUsATAa Ha HAJEKIHOCTTA, OCHOBAHM HAa CTATUCTMUYECKU M BEPOSATHOCTHU METOJM, HE ca
JOCTaThUYHU 3a OlLEHKa Ha PabOTOCHOCOOHOCTTa Ha KOHKpPETHA MallldHA NpPU KOHKPETHHU
aBapuitHO-criacuTenHu cueHapuu. [lopanu ToBa ce Hanmara pa3pa0OTBaHETO Ha CHUCTEMa OT
MOKa3aTelu, KOATO Ja OTYMTAa HE caMO TeXHHMYeCKaTa W3MPaBHOCT, HO M BIHUSAHHUETO Ha
cpenaTa, pucka OT OTKa3U U ONEpaTUBHUTE OIPaHUYEHUS.

Pa3paborenarta cucrema OT MoKaszaTelH € U3rpajeHa Ha 0a3zaTa Ha MPUHIUINTE Ha
UH(POPMATUBHOCT, YYBCTBUTEIHOCT, YHUBEPCAIHOCT, AaJallTUBHOCT M BB3MOXKHOCT 32
kBaHTuuuupane. [lokazaTenure ca rpynupaHd B YETUPU OCHOBHU KaTETOPUU: MOKa3aTeIn
3a BBTPEUIHOTO TEXHUYECKO ChCTOSHUE HAa MH)KEHEPHATa TEXHHUKA, [T0KA3aTeIH 32 BbHIIHUTE
CpPEeIOBH BB3JCHCTBHS, MOKAa3aTeNyd 3a PHUCKOBUTE (AKTOPU U OINEpPaTHBHHU IOKa3aTelu,
OoTpa3sBallld JIOTUCTUYHUTE M BPEMEBUTE OIPAaHUYEHHS HA aBAPUITHO-CIIACUTEIIHUTE
orepanuu.

Taoauya 6. Cucmema om nokazamenu 3a O4eHKA HA padoOmMocnocooHocmma

Karteropuu IHoka3area Chabpkanue Twun croiiHocT
p TeMn Ha U3BHOCBaHE HA Hopmanusupana
1 9
BB3JIM M arperatu croitHocT (0—1)
Borpemno CrabuiHocT Ha OTKJI0HEHUE OT
TEXHUYECKO P EHEepruitHUTe U HOMHHAITHUTE
CBHCTOSIHUE XUAPABIUYHUTE PEKUMHU napametp (%)
p OcTaTbyeH TEXHUYECKH Yacose 10 KpUTHYEH
3
pecypc pecypc
ArpecuBHOCT Ha
Knacudukannonen
Py OIepaTuBHATA cpena
Brammmn HHJCKC
(xuMm./06mon./pan.)
CpeOBH
. JlenbT Ha
BB3JICHCTBUS TepeHHu orpaHUYCHUS U
Ps HETIPOXOUMH
IIPOXOIUMOCT o
yaacThI| (%)
BeposiTHOCTHA O11eHKa
Ps BeposTHOCT Ha OTKa3 © pl) H
Puckosu
. TexecT Ha
necTBus
P; KputudnocT Ha oTKa3 MOCTEACTBHITA
(xoeduiirieHT)
P JloruCTHYHU U BpEMEBU Bpewme 3a oGcityxBane
8
OrnepaTvBHA 3aKbCHCHHSI cpsiMo HopMaTHB (%)
bakropu P HaroBapenoct na nmuunust | MHaexc Ha ymopa /
9
ChCTaB JBJDKMHA Ha CMsTHA

C men BKIIOYBaHE Ha Pa3pabOOTEHHUTE IIOKA3aTeNU B MHTETPAIHHUA MATEMaTHUYECKH
Mozen, nokaszarenure or P1 no P9 ce Hopmanu3upar ¥ MHTErpupar 4ype3 INPUCBOSBaHE Ha
TErjoBu KoeduuueHTd wl — w9 B 3aBUCHUMOCT OT 3HAYMMOCTTAa UM 3a KOHKpETHaTa
olepaTuBHA MHCHS, BbBEXJIaHEe Ha YHU(PUIIMPAHA CKala 32 ChIIOCTAaBUMOCT M BH3MOXHOCT 32
JUHAMHUYHA aKTyaju3alus Mpu MpoMsHA Ha eKCIuloaTaluoHHUTE ycinoBus. [lo To3um HaumH
cUCTEMaTa OT I[I0Ka3aTelu OCHUTypsiBa KOJIMYECTBEHaTa OCHOBAa 3a MaTeMaTHYECKOTO
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MOJENMpaHe M arperupaHe Ha OTIEIHUTE OLEHKA B HHTETpajJeH IMapaMmeTsp 3a
(YHKLHMOHATIHA HAJEXKIHOCT.

3a moBuIIaBaHe Ha OOCKTHUBHOCTTA HA OLIEHKATa € pa3padOoTeHa KPUTEpHaIHa OLIEHKa
Ha e(QEeKTUBHOCTTa Ha IOJBW)KHUTE CpPEACTBAa 3a TEXHUYECKO OOCIyXKBaHE M PEMOHT,
0a3upaHa Ha KIIOYOBH EKCIUIOATAlMOHHM M ONEPAaTUBHU KPUTEPUHM KAaTO MOOMIIHOCT,
ABTOHOMHOCT, PEMOHTOIIPUTOIHOCT, aJalTUBHOCT KbM Cpe/laTa U JOIMCTUYHA HE3aBUCUMOCT.
CucreMaTU3MpaHeTo W MapaMeTPU3UPAHETO Ha MOKA3aTeIUTE MO3BOJIsIBA (hOpMaATU3UpaHe Ha
BPB3KUTE MEX]Y TAX M U3TPaKAaHe HA MaTeMaTUYeCKH MOJIEN 3a OLEHKA U MPOTHO3UpaHe Ha
(dyHKIMOHATHATA HAIC)KTHOCT Ha MH)KEHEpHATa TEXHUKA B TWHAMHYHH YCIOBHS.

3.3. @opMyHpaHe HA HHTErPAJHHA KOe()UIIUEHTH 32 OlleHKA HA MHIKEHEPHO-
TEXHUYECKOTO OCUTypPsIBaHe

B nporeca Ha u3cieBaHETO Bb3HUKBA HEOOXOIMMOCT OT BbBEXK/1aHE HAa KOJIMYECTBEH
nokasaren, Xapakrepusupailn omneparuBHara edektuBHocT Ha [ICTOP karo ememeHT oOT
CUCTEMAaTa 3a WH)XXEHEPHO-TEXHMUYECKO ocurypsiBaHe. lleara e ma ce oueHu He camo
Hamuuueto Ha [ICTOP, a peanmHuaT UM NOpUHOC 3a MOBUIIABaHE Ha TOTOBHOCTTA H
YCTOMYMBOCTTA HA MH)KEHEPHATa TEXHUKA B YCIOBUATA HA aBAPUITHO-CIIACUTENIHU IEHHOCTH.

Cnen ananu3 Ha BB3MOKHUM MHTETPAHM TOKa3aTeld, BKIIIOYBAIIM MHOKECTBO
eKCIJIOATallMOHHU TapaMeTpu, € H30paH ONpOCTEH M MPaKTUYECKH MPUIIOKUM MOJET,
CTPYKTypUpaH OKOJIO TPU KJIIOUOBHU aCIIEKTa: BpeMe 3a pearupaHe Npu Bb3HUKBAHE HA OTKa3,
pPe3yJITaTHOCT Ha PEMOHTHUTE JEHHOCTU U aBTOHOMHOCT Ha paloTa.

Taxa ce popmynupa uHTErpajeH KOePUIIMEHT Ha oniepaTuBHa epeKTUBHOCT Kon

KOWTO 12 00eIMHSABA TE3U TPHU HAIPABJICHHS B e{Ha 0000IECHA YNCIIOBA OLIEHKA.
Wuterpanausar koeduuueHT Ha onepatuBHa epextuBHOCT Ha [ICTOP ce BpBeR T2

Karo:
Ko € [0;1], 3.1
KBJETO:
e K,; — 1-1noka3Ba MHOTO BUCOKa ornepaTtuBHa epextuBHocT Ha [ICTOP;
e K, ; — 0—mnoka3Ba MHOIO HUCKa OllepaTHUBHA €(EKTUBHOCT.
ITpennara ce K, a ce 3aia/ie KaTo MpETErieHa cymMa Ha TPU YaCTHU HOpMaJIUu3UPaHU
KoeuIueHTa:

Kin =w: K +w, K. +w, - K, (3.2)

KBJETO:

e K;— xoeduineHT, OIleHIBAIl BPEMETO 33 pearupane;

e K,— xoedummeHT, OIEHsBAINl YCIENIHOCTTa W MPOAYKTUBHOCTTAa Ha
PEMOHTHTE;

o K,— xoeduIMeHT, OlleHsIBaIll aBTOHOMHOCTTa Ha paboTa;

o W; W,, W,— TEIJIOBH KOC(PHUITUEHTH, OTPA3sBAIIA OTHOCUTEITHATA BaKHOCT
Ha TPUTE ACMEKTA;

e W,tw,+WwW,=1,w,w, w, =0.
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B naii-o0mus ciydaii Teriara MOrarT J1a ce alaliTupar Crope]] KOHKPETHUS CIieHapui
(Hamp. IPU CHIJTHO 3aTpPyAHEHA JIOTHCTHKA — IMO-TOJISIMO W 4, TIPU BUCOKA JITMHAMHUKA Ha
OTKa3UTE — MO-TOJIIMO Wy ).

B 6a3zoBus ciyuait, mpy paBHAa 3HAYUMOCT Ha TPUTE ACTIEKTa, MOXKE Jla Ce MpUeMe:

1
Wt - W._.. = Wﬂ - E (3.3)
T.C.:
_ K; + K.+ K, 3.4)

o 3

W B nBaTa city4asi OCHOBHUST MIPHUHITUI € €IMH ¥ CHIIL:
K, oO0enuHsIBa TpY HOPMATU3UPAHU YaCTHH OLICHKUTE B €JIMH MHTETPAJICH IIOKa3aTel.

Bceku oT yacTHUTE KOSPHUIIMEHTH € HopMalln3upaH B uHTepBana [0; 1], karo:

e CTOWHOCTH, OM3KH 10 1, 03HauaBaT GJArONPHATHO CHCTOSIHME TIO0 CHOTBETHUS
noKasared;

e croitHOCTH, Osu3KkH 10 0 — He0IArONPUSITHO CHCTOSTHHUE.

KoepuuueHnt Ha BpemeTo 3a pearupaune K,

Hex: na ce onenu konko 66p30 [ICTOP pearupa Ha 3asBKa 32 pEMOHT.

Heka:

o T4~ daxrnyecko cpenHo Bpeme 3a pearupade (OT IOJTyYaBaHE HA 3a1a4ara Jo
3armoYBaHe Ha PEMOHTHUTE JIEHCTBUs), [min];

e T,,p— HOPMATHBHO (JOIyCTUMO) BpEME 3a pearupase, [min].

Torasa ce BpBEXA:

T
K,=1-—-2

(3.5)

TJ L1

3a n304rpaHe Ha HEKOPEKTHU CTOMHOCTHU C€ BbBEXKJIAT OTPaHUYCHHUS:
. aKo Ty = Tpop— Ky = 0 (peakumsita € o-6aBHa OT JIOIyCTUMOTO);
. aKo Ty << TyopM hopMysaTa naBa croiiHOCT Han 1 — Kpce orpanuyasa 1o 1,
T.€. PEaJHO Cce U3I0JI3Ba:
i Ty
Ki=min{lmax|0, 1——|} 3.6)

T,Z[ o1l

B tekcra Moxke ga ce u3Ioi3Ba OIMPOCTCHO 0003HauYCHHE Kts KaTto (I)OpMaJIHI/ITC
OrpaHU4YCHUA CC YTOUHABAT B OIIMCAHUCTO.

KoeduuueHT Ha pe3yaTaTHOCT HA peMoHTHTE K,

Iex: ma ce oneHW KakbB JsUT OT PEMOHTHUTE 3a/1a9H CE M3ITBIHABAT YCIIEITHO Ha
MsCTO, 6€3 HE0OXOIMMOCT OT MOBTOPHA HAMECa WJIM €BaKyalus KbM CTallOHapHa 0a3a.

Hexka:

o Ngy— 0011 Opoit 3asgBku/moBpeny, 3a kouto IICTOP e anraxxupaH B pasriexaaHus

HepHOI;
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* Ny~ Opoil ycrenrHo M3BBLPIICHU PEMOHTH Ha MSICTO, MIPU KOUTO TEXHHKATa €
BbpHATa B pPabOTOCIIOCOOHO CHCTOSHUE W MOXKE Ja MPOIABIDKH yYacTHE B aBapHUIHO-
CHIACUTEIIHUTE JTCHHOCTH.

Toraga:

3.7

[Ipu:

e K, — 1-10YTH BCUYKH PEMOHTH CE€ U3BBPIIBAT YCIEIIHO Ha TEPEH;

e K, — 0- mpeo0OnanaBaiia 4act OT MOBpEIUTEe HE MOrar Ja ObJaT OTCTPAHEHHU OT
[ICTOP.

[Tpu xenanue, Ha MO-KHCEH €TaIl MOKE /1a C€ BKIIOYH JIOIBIHUTEIIEH MHOXKHUTEI 3a
MOBTOPHHU PEMOHTH, HO B PAMKHUTE HA HACTOSIIHUS TPYA TO3W BU PopMyJia € JOCTaThUCH 32
SICHO ¥ MHTYUTHUBHO KOJIMYECTBEHO OIICHSIBAHE.

Koepuuuent Ha apronomuoct K,

Hea: na ce onenu nokosiko IICTOP moxe na paboTu aBTOHOMHO B I10JIEBU YCIIOBUS,
0e3 JIONBJIHATETHO CHA0 IIBaHE C TOPUBO, PE3EPBHU YaCTH, KOHCYMATHBH H 0€3 BPBIAHE KbM
Oazara.

Hexka:

o T.pr— PakTUUECKO CPEHO BpeMe Ha aBTOHOMHA padoTa (4acoBe WIIU JICHOHOIINS),
nipe3 koeto [ICTOP moske f1a u3mbiaHsABA 3a/1a4n O€3 JOMMBJIHUTETHO CHA0 IBaHE;

o Tye;— HOPMATHBHO MJIM IEIEBO 33aJ€HO BpeME 3a aBTOHOMHA pabora (1iel1 Ha
ONTUMU3AIIHATA).

Torasa:

TﬂBT
K, = . 3.8
. TIIE.‘]

[Tpunarar ce ciieqHUTE OrpaHUYEHHUS:

e  aKO T, = T, —> mpueMa ce K; = 1,

o aKO Ty «< Ty — KyKi10HU KBM 0.

OrpannyaBaneTo B uHTepBayia [0; 1]ocurypsiBa CblioCTaBUMOCT Ha TPUTE YACTHU
Koe(UIIMEeHTa U yJIeCHSIBa UHTETPUPAHETO UM B K.

[Tpu paBHu Teria (WM pu U30paHU Terjia B 3aBUCUMOCT OT CIIEHapusi) Morar Jia ce
OIpesieNIAT HHTEPBAJHH 30HH HA OlleHKa 3a K :

e K, €[0,70;1,00]- Bucoka onepatuBHa edpexrusnoct Ha [ICTOP;

e K, €[0,50;0,69]3an0oBosuTesiHa eeKTUBHOCT, IIPETIOPHYUBA CE ONITUMH3ALIUS
Ha OTJICJTHU EJICMEHTH;

e K, < 050-HemocTarbyHa  edeKTHBHOCT, HeoOXooumMa €  CEpUO3HA
MOJICpHH3AIUS U OPTaHU3alMOHHO-TEXHUYECKU TIPOMEHH.
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Unterpanmuusat koeduuuent Kon ce medunnpa xato mperernena cyma Ha Tpu YacTHH
HOpMaJIM3UpaHu KoeuueHra:

Kp=w; - Ki +w.- K. +wg- K,

KbACTO Kt XapakTepusrpa BpEMETO 3a pearupanec, K}' — PE3YJITAaTHOCTTAa Ha

pemontutre, a Ka — aBromommocrra Ha IICTOP, a TernosuTe KOe(HIMEHTH OTpa3siBaT
TAXHATa OTHOCUTEJIHA 3HAUMMOCT 3a KOHKpETHATa onepaTuBHa mucus. 1Ipu paBHa 3HaunMocCT
Ha aCIEKTHUTE ce NMpHeMa ycpeaHeHa popma Ha TTOKa3aTels.

Koepummentsr Kon ce mpemmara xato aBTopcku HHTerpaneH IIOKa3aTell, KOWTO
U3IBJIHABA POJIATA Ha MEXIMHHO 3BEHO MEXKIY KOHKPETHHUTE ONEpPaTHBHHU XapaKTEPUCTUKU
Ha [ICTOP u obmara onenka Ha (pyHKIIMOHAIHATA HA/ICKIHOCT HA MHKEHEPHATA TEXHUKA.

Ha 6asara Ha paspaGoTenaTa B T. 3.2 cucrema oT mokasatenun F1—Face dopmupa
WHTETpaJICH MaTEeMaTUYeCKU MOJENI 3a OIeHKa Ha (yHKIMOHAHATA HAACKIHOCT Ha

HH)XXCHCPHATAa TCXHHUKA. IToxazarenure ce HOpMaJIUW3upaT B HHTCPBAJIa [G’ ]-]I/I CC IPCTCIIIAT
CIIop€] 3HAUYUMOCTTAa HM 3a KOHKPETHHA OIICPaTUBCH CIIGHapI/II;'I. Karo JOIIBJIHUTCIICH
mapaMeTbp CC BBBCKIA AUAIHOCTUYCH KOG(i)I/II_II/ICHT, OT4HUTAall BINAHHUCTO Ha 4€CTOTATa Ha
MOHUTOPHHI'A BbPXY BEPOATHOCTTA 3a CBOCBPECMCHHO OTKPHBAHC HA OTKJIOHCHU.

WuTerpanauar koepuuueHT Ha QyHKIMOHATHA HAJISKTHOCT ce AeuHupa Karo:

N
Kf = kd Z(Pr: ’ Wn)-
n=1

KBICTO.

° Kf_ HUHTCI'PpAJICH KOC(I)I/IHI/ICHT Ha (1)yHI(I_II/IOHaJ'IHa HaACKIHOCT HAa HHKCHCEpHATA
TEXHHKA,;

e P, HOpManM3MpaHa OLEHKA HA CHCTOSHUETO IO MoKa3aTen h(B auanason 0—1);

e W,— TerjIoBM KOe(QMIMEHTH, OTpa3dBallld 3HAYAMOCTTA Ha II0KA3aTeIHuTe
Ew, =1);

° kd— ANArHOCTUYCH KOC(i)I/IHI/IeHT, oTyuTalnl BIIMAHHUECTO HaA YecToTaTra Ha
MOHUTOPHHTA.

[Tonydyenata croifHOCT Ha Kr  nossonssa Obp3a M OOEKTHBHa OIIEHKa Ha

(I)YHKL[I/IOHaHHaTa TOTOBHOCT HAa MHXXCHCPHATA TCXHHUKA U KJ'IaCI/I(I)I/II_II/IpaHC Ha ChCTOSIHHETO M
B 30HU HA BUCOKaA, ITPUCMIIMBA, 3aHNKCHA UJIK KPUTUYIHA TOTOBHOCT.

Taonuya 7. Ouenka ha hynKkyuonainama 20mosHocm cnopeo Koeguyuenma K ¢

Ananason Ha Ky Ouenka Ha cbeTosiHMETO | OnepaTHBHA MHTEpHpeTAlHs
MamuHara e rogHa 3a

Bucoxka ¢pyHnkunonansa

0,80 - 1,00 IpOABIDKUTENHA paboTa B
TOTOBHOCT
CIIOJKHA cpenia
MycTHMa 3a padoTa mpu
0,60 — 0,79 [TpuemnuBa roTOBHOCT Homye 3 padota p

KOHTPOJINPAHU YCIIOBHSI,
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MOHUTOPHUHI

MpenopbhYBa Ce YCUIIEH

Heo6xonuma e orpanudena

PEMOHT

0,40 - 0,59 3aHMmKeHa TOTOBHOCT eKcIuIoaTalys, Iiad 3a
00cCITy’)KBaHE M PEMOHT
[IpenoppruBa ce u3BakaaHe OT
<0,40 Kputnuno cbcrosinue eKCIUIoaTaIus 1 He3abaBeH

34. CpaBHI/ITeJ'[eH AHAJIN3 HA PE3YJATATUTEC U OLHEHKA HAa eq)eKTI/IBHOCTTa Ha

HTO

PazpaboTeHusT MO/IeN OCUTYpsiBa I'BBKABOCT MPH aJalTHPAHE KbM Pa3InIHU THIIOBE
WH)XXCHEpHA TEXHMKAa M aBapUIHO-CIACUTEIHU CLEHApUM 4Ype3 IpPOMsSHA Ha TEIVIOBUTE
KOC(QUIMEHTH W HOPMAaIM3MpPAHHUTE OIEHKH. B CBIIOTO Bpeme TOil 3ama3Ba oOnepaTWBHA
IPUIOKHUMOCT U MOKeE J1a ObJie pealu3upaH B TaOJIMYEH WM cO(TyepeH BUJ, KOETO I'o IPaBU
MIOJIXO/IAII 32 MMPAKTHYECKO BHEIPSBAHE B MH)KEHEPHO-TEXHUYECKUTE (POPMHUPOBAHUSI.

CpaBHUTENHUAT aHAIWM3 MMa 3a IeJd Ja OLEHH e(EeKTUBHOCTTa Ha Ppa3INuHU
KOHpHUTypalliid Ha CHCTeMaTa 3a HHXEHEPHO-TEXHHUYECKO OCUTYpsSBaHE NpU aBapUUHO-
CHACUTEJIHU JIEHHOCTH 4pe3 IpujlaraHe Ha HMHTerpajHus KoeuIueHT Ha (QyHKIMOHAIHA

HaJeKIHOCT 5f. AHAIM3BT MO3BOIABA KONMYECTBEHO CpPaBHEHHE MEXAY TpH THUIIMYHU
cuenapust: cucrema 3a UTO Ge3 moABMKHYU CPEICTBA 32 TEXHUYECKO 0OCTYyKBaHE M PEMOHT,
UTO c nanmonanua [ICTOP mnardopma u UTO cbe crrozna [ICTOP mnatdopma ot kiac

FRSN.

Taoauya 9. Cpasnenue na cmoiinocmume Ha unmezpannus koegpuyuenm Ky

CLICHapHH

Paznuka
. OnepaTuBHa OLlEHKA CIpPsSIMO
Cuenapuii | OGo3Havenue K¢ P 1 P
(kauecTBeHa) 0azoBust
CLeHaApHil
Crabunna paboTocrocoOHOCT
MIPU CTaHJAPTHU YCIIOBHSI;
1TO Ges k' ~ 0,39 011") aHI/III;I[{.’f aBTOiOMHOC"; u
TICTOP f : P
aIaTUBHOCT B IMHAMUYHA
cpena
[ToBuIIeHa TOTOBHOCT;
HUTO ¢ HaMaJieHa 3aBUCUMOCT OT
HaI[MOHATTHA BG JIOTUCTUYHATA
- K56 ~0,59 ~+50 %
I[ICTOP f nH(ppacTpyKTypa; 1o-0bp30
(MPC-UT) Bb3CTAHOBSIBAHE HA TEXHUKA
MIPH YCJIOKHEHa 00CTaHOBKA
Bucoka ¢ynknnonanta
WTO che ymxu
HaJICKTHOCT; ONITUMAITHA
ChIosha NATO €MOHTOIPUTOJJHOCT U
TICTOP KM ~0,68 |P prroae ~+75 %
OTlepaTUBHA YCTOHYHUBOCT MPH
maTgopma JTUHAMHUYHU aBapUHH
(turt FRSN) p




[TonmyyeHute CTOWHOCTM Ha HMHTErpalHUS KOS(PUIMEHT IIOKa3BaT SCHO H3pa3eHa
TEHJICHIIMS KbM IMOBHIIIaBaHe Ha (PYHKIIMOHAIHATA HAASKIHOCT nipHu BHenpsiBane Ha [ICTOP.

[Tpu 6a3oBus cuenapuii 6e3 IICTOP e momyuyena croiHOCT Ky % 0,39 yoero chorsercrsa Ha
orpaHvueHa (YHKIMOHAJIHA TOTOBHOCT TMpPU JUHAMHUYHU U YCIOXHEHH YyCIOBHS.
BoBexxnanero Ha HanmonanmHa [ICTOP mmardpopma (MPC-UT) Boam no moBuiaBaHe Ha

Koe(UuIMeHTa 10 Ky ~ 0,5 9, KOETO MpecTaBisaBa npubau3uTeHo S0 % nomodpeHue cnpsaMo
0a3oBus crieHapuii. Haii-Bucoka CTOWHOCT € OT4eTeHa mpu u3mnoyi3BaHe Ha cbrozHa [ICTOP

miatdopma ot kiac FRSN — Ky & 0,68
(yHKIMOHAIHATA HAJEXK THOCT.

, KOETO ChOTBETCTBA Ha 0KOJIO 75 % moBuIIaBaHEe Ha

KombuHMpaHa guarpama: UHTEerpanHu KoetuUMeHTH Ha (YHKLMOHANHa Haaex aHoCT
101

0.8

0.6

WHTerpaner koeduumeHT Kf

CueHapui 0
(6e3 NCTOP)

Cuenapun 1
(Hau. NCTOP)

CueHapun 2
(cbiozHa NCTOP)

Queypa Ne 6. Kombunupana ouazpama na unmezpannume Koeuyuenmu Ha GyHKYUOHAIHA
HaoedcoHocm

Pesynrarure mnoxassar, ue BHenpsiBaHetro Ha I[ICTOP chiiecTBeHO moBHIIaBa
ornepaTUBHaTa aBTOHOMHOCT Ha cucreMata 3a U TO, cpkpamiaBa BpeMeTO 3a Bb3CTaHOBSIBAHE
Ha MWH)XECHEpPHAaTa TEXHMKAa M HaMalsiBa 3aBHCHUMOCTTa OT CTalMOHapHA pPEMOHTHA

uH(ppacTpykrypa. [lomyueHuTe pa3nuku B CTOHHOCTUTE Ha Koe(HIIMEHTa Ky MIpeACTaBIIsIBAT
00EKTHBHA KONMYECTBEHA WHAMKAIMS 3a HAATpaXKIaHE Ha CHUCTeMara 3a HHXKEHEPHO-
TEXHUUYECKO OCUTYpsIBaHE, a HE 3a HeilHaTa MbpBOHAYaIHA HEE(PEKTUBHOCT.

Pa3paboreHusT uHTErpageH MoAeN IEMOHCTPUPA B3MOKHOCT 32 MPUIOKEHHE KaKTO
B HaIlMOHAJIEH, TaKa MU B KOAJIHIHMOHCH KOHTCKCT M IIO3BOJABaA 06GKTI/IBHa OILICHKa Ha
BIUSHUETO Ha TMOJBW)KHHUTE CpPEACTBA 3a TEXHUYECKO OOCITy)KBaHE H PEMOHT BBPXY
Q)YHKHI/IOHaIIHaTa HAaACKIHOCT Ha I/IH)KeHepHaTa TCXHUKA HpI/I aBapI/II\/IIHO-CHaCI/ITeJ'IHI/I
JEHHOCTH.

MN3BOJIU OT PA3JEJI TPETHU

1. EdextuBHOCTTa Ha cucTeMaTa 3a WHKEHEPHO-TEXHUYECKO OCHUTypsABaHE IIpH
aBapUIHO-CIIACUTEIHN ACWHOCTH CE OINpEAeis OT CHhbBKYNHOTO BJIMSHME HAa TEXHUYECKH,
BBHIIIHYU, PUCKOBU M ONEPAaTUBHU (PaKTOpH, KOETO Hajara M3MOJ3BAaHETO Ha KOMIUIEKCEH U
MHTETPUpPaH MOJXO0/1 32 OLIEHKA Ha pab0TOCIIOCOOHOCTTA Ha MH)KEHEpHATa TEXHUKA.
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2. Pazpabotenata cuctema OT IOKasaTeld, 3a€[HO C IMpeIoKeHaTa MpoLeaypa 3a
TAXHOTO HOpMaJIU3HpaHe U 00o01IaBaHe, OCUTYypsiBa OOEKTUBHA U KOJIMYECTBEHO 00OCHOBaHA
OLICHKa Ha (YHKIMOHATHATA HAAEKJAHOCT HAa HMH)KEHEpHATa TEXHHKa B JWHAMHYHA U
IIPOMEHJIMBA ONEpaTUBHA CPENA.

3. @opMynHMpaHHAT MaTEMaTHYECKH MOJeNl Ha HHTErpAIHUS KOeQHUIMEHT Ha
dbyHkmoHanHa HanaexaHocT Kf mo3BosisiBa cpaBHEHHE Ha pPa3IMYHU KOH(Urypanuu Ha
cucremara 3a MTO, kaTo oT4yMTa AMArHOCTUYHATA YECTOTA, TEXHUYECKOTO CBCTOSHUE,
BBHIIHUTE BB3JCUCTBUS M JIOTUCTUYHUTE OTPAHUYEHMS M Ch3/laBa MPEANOCTABKUA 3a
IIPAKTUYECKO IPUIIOKEHUE KAKTO B HALIMOHAJIEH, TaKa U B CbIO3EH KOHTEKCT.

4. IlpuMepHuUTE 4YHUCIOBM pa3deTH W CPABHUTEIHUAT aHAIW3 JOKa3BaT, 4Ye
BHE/IPSBAHETO Ha TOJBM)KHU CPEJCTBA 32 TEXHUYECKO OOCIIy)KBaHE M PEMOHT BOIH JO
CBIIIECTBEHO TMOBHIIaBaHE Ha WHTerpainHus koeduiueHnt Kf , karo nanmonaaHata [ICTOP
wiatpopma ocurypsisa npubamsurenso 50% ysenuuenue crpsimo cuctema 6e3 IICTOP, a
cpto3Hara miatdopma ot kinac FRSN — okono 75%, koero morBbpknaBa, ue I[ICTOP
HaArpaxxaaT TpagunuoHHara cuctema 3a MTO, nmoBumaBar onepaTuBHaTa YCTOMUHMBOCT U
HaMaJsiBaT JOTUCTUYHUTE 3aBUCUMOCTH.

OoblIX U3BOIHN

1. MHXeHepHO-TEXHUYECKOTO OCUTYpsSBAaHE IPU aBapUIHO-CIIACUTENIHU JEHHOCTH
OpeiCTaBIsiBa KIOYOB (akTop 3a MOAIbpXKAHE Ha OlepaTUBHaTa TOTOBHOCT U
(yHKLIMOHAIHATA HAJEKAHOCT Ha MH)KEHEpHATa TEXHHKAa B YCJIOBUS Ha BHCOKAa JMHAMUKA,
HEOIPEEeNICHOCT W OTPAHUYCHU PECYpPCH, KaTo TPATUIIMOHHHUTE TOJIXOIM KbM WHKCHEpHATa
NOJ/IPHKKA HE OCUTYpsIBAT HeoOXonuMmara YCTOWYMBOCT TIpH OBpP30 U3MEHSIA ce
oIepaTHBHA CpeJa.

2. PaboTtocnocoOHOCTTa M HaJEKIHOCTTA HAa UH)KEHEpPHATa TEXHUKA ce (OopMUpPAT MO
BB3JCHCTBUETO HAa  KOMIUIEKC OT TEXHHYECKH, OpPTraHW3alMOHHHW, JIOTUCTUYHH,
BBHILHOCPEJIOBH M PUCKOBH (haKTOPH, MOPaTN KOETO HAJESKIHOCTTA ClIeJ(Ba Jla Ce pasriiex/ia
KaTo MHTErpajlHa XapakTepUCTHKa Ha Is1aTa CHUCTeMa 3a HH)KEHEPHO-TEXHHYECKO
OCUTYpsIBaHE, a HE caMO KaTo (PyHKIUS Ha MEXaHUYHOTO ChCTOSIHUE HA MALIMHUTE.

3. PazpaboTeHusT (pyHKIMOHAJIEH MOJIeNl HA MH)KEHEPHO-TEXHUYECKOTO OCUTypsIBaHe,
OCHOBaH Ha HHTETPATHHUS KOoepHUIMEHT Ha (QYHKIMOHAIHA HAAKTHOCT Ky W dYacTHHA
KOe(QUIMEHT 3a omepaTuBHa €()EeKTHBHOCT Ha MOJIBWXKHHUTE CPEJCTBA 32 TEXHUYECKO
oOciy:)xBaHe W pPeMOHT Kou, OCHTYpsSiBA METOMOJIOTHYEH CHHXPOH MEXIY JIOKATHO-
OTEpPaTUBHUSL M CHCTEMHHS IIOJIXOJ 3a KOJHMYECTBEHAa OIEHKa Ha TOTOBHOCTTa U
e(eKTUBHOCTTA HAa UHXEHEPHUTE (OPMHUPOBAHUSI.

4. TlpunaraHero Ha NPEAJIOKEHUTE MOJCIM KbM pa3IMYHU KOHPUTypaluu Ha
MH)XEHEPHO-TEXHUYECKO OCUTYpsiBaHE JO0Ka3Ba, Y€ BHEJPSIBAHETO Ha MOJBMKHM CPEICTBA 3a
TEXHUYECKO 00CITy>KBaHE W PEMOHT BOJH JI0 CHIIECTBEHO MOBUIIABaHE HA (DYyHKIMOHAIHATA
HAJISKIHOCT HAa WHXXCHEpHATa TEXHHWKA, W3Pa3eHO B CHKpallaBaHE Ha BPEMETO 3a
BB3CTAHOBSIBaHE, HaMalsBaHe Ha JIOTUCTUYHHTE 3aBHUCHMOCTH, IIOBHIIAaBaHE Ha
PEMOHTONPUTOHOCTTAa W YBEIWYaBaHE Ha OIEepaTHBHATA yYCTOWYMBOCT, AOPH TPH 0a30BU
koH¢urypauuu Ha [ICTOP.

5. VYCBBBPUICHCTBAHETO Ha HMHXXEHEPHO-TEXHHYECKOTO OCUTYpPSBAHE HW3UCKBA
CHCTEMEH MOAXOJI, ChUeTaBalll L1eJeHacCOYeHa MOJAEPHHU3ALNS U ONTUMAIHO KOH(UTYpUpaHe
Ha MO/IBYKHUTE PEMOHTHU CPE/ICTBA C BHEAPABAHE HA YHU(PHUIIMPAHU METOAMKH 3a OIICHKA Ha
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($yHKIMOHATHATA HAJIEKIHOCT, KaTO MHTErpalHUAT KoeduiueHt Ky ocurypsiBa ycroifumBa
OCHOBAa 3a IUIAHUpPAHE, YIPABICHUE U IOBUIIABAHE HAa TIOTOBHOCTTA, ABTOHOMHOCTTA H
ornepatuBHaTa €(EKTUBHOCT Ha HHXKEHEpHUTE (OPMHUPOBAHUA B KpPAaTKOCPOUYCH U
JBJITOCPOYEH ILIAH.

SAKVIIOYEHUE

HacTosdmusaT aucepraiioHeH TpyA € HaCOUEH KbM yChBBPILIEHCTBAHE HA CHCTEMATa 32
MH)XCHEPHO-TEXHUYECKO OCUTYPSIBAHE IPU aBaPUMHO-CIIACUTEIHH IEHHOCTH Ype3 U3I0I3BAHE
Ha TOJBIKHHM CpeIcTBa 3a TexHu4ecko obcmyxBaHe u pemMoHT (IICTOP). B pamkure Ha
IIPOBEJCHOTO U3CIENBAHE Ca AHAIU3UPAaHUM TEOPETHUYHU IIOCTAHOBKM, H3CIIC[BAaHU cCa
dakTopute, onpenesAuy paboTOCIOCOOHOCTTa HAa MH)KEHEpHATa TE€XHUKA, M € IMPeIoKeH
HOB IIO/IXOJ] 32 KOJMYECTBEHO OLCHSABaHE Ha (DyHKIMOHAHATA HAACKIAHOCT B TUHAMHUYHA
orepaTHUBHA Cpefa.

O00CHOBaHO pa3BUTHETO HA WMH)KEHEPHATa CIIACUTEJIHA TEXHMKAa U Ca U3SICHEHU
TEOPETUYHUTE U OPTaHU3ALMOHHU OCHOBHU HAa MHKEHEPHO-TEXHUUECKOTO OCUTypPSIBAHE.

W3BbpHICH € KOMILIEKCEH aHAIU3 Ha BBTPELIHUTE, BBHIIHOCPEJOBUTE, PUCKOBUTE U
ONepaTuBHUTE (AKTOPH, KOUTO BIUAAT BBPXY pabOTOCHOCOOHOCTTa Ha HMH)KEHEepHaTa
TEXHMKA, KAKTO U Ha Bb3MOKHOCTUTE 3a TAXHATA OLICHKA.

B nucepramusra e paspaboTeHa cucTeMa OT IIOKa3aTeld 3a OLEHSIBaHE Ha
paborocnocobHOCTTa,  (popMynuMpaH € MaTeMaTH4eCKd MOJeN 3a  HMHTerpajHara
(GyHKIIMOHAIHA HAJEXKIHOCT U € JIEMOHCTpUpaHa MPHJIOKHMOCTTa My 4Ype3 CPaBHUTEIHHU
pa3ueTH 3a pa3Iu4YHU KoH(urypauu Ha cuctemara 3a UTO.

[Tonyuyenure pesynratu mnoka3Bar, ue BkiItouBaHero Ha [ICTOP B cucremara 3a
MHXEHEPHO-TEXHUUYECKO OCUTYpsIBaHE 3HAUMTEIHO MOJ00psiBa OnepaTMBHAaTa TOTOBHOCT U
ABTOHOMHOCT Ha MHXKEHEepHHUTE (opMHUpOBaHUA. MI3MepeHOTO MoBHIIaBaHE HA MHTErpajiHaTa
OlleHKa Ha (yHKIMOHATHATa HAJEeKIHOCT B cpaBHeHHe c 0a3oB cueHapuii 6e3 IICTOP
JI0Ka3Ba, Y€ TMOJBMKHUTE PEMOHTHH CpPEACTBA HE 3aMECTBAT, a HAArPa)XJaT TpaJuLMOHHATA
cTpykrypa 3a UTO, kaTo HamansABaT JIOTUCTUYHUTE 3aBUCUMOCTH, CBKpAIllaBaT BPEMETO 3a
BB3CTAHOBSIBAHE Ha TEXHMKA M TOBMILIABAT yCTOMYMBOCTTAa HAa WH)KEHEPHUTE EKUIHM NpU
aBapuitHU U OE/ICTBEHU yCIIOBUSI.

Pa3paborenust moaen e miaropMeHO HE3aBUCUM U MO3BOJISIBA HETOBOTO IMpHJIaraHe
kakTo KbM HauuoHamHu I[ICTOP cucremu, Taka M KbM CBHIO3HM MOOWIHH PEMOHTHU
wiatpopMH, KOETO Cbh3/1aBa NPEANOCTaBKH 3a M3MOJI3BAHETO My B KOHTEKCTa Ha
MEXyHapOJHa CbBMECTUMOCT M KoanuiuoHHU onepanuu B pamkure Ha HATO u EC. Tosa
1o uepTaBa KakTo HayuyHaTa CTOWHOCT Ha pa3paboTKara, Taka U MOTEHIIMaNA 1 32 BHEIpsIBaHe
B IIPAKTHKATa.

Bb3 ocHOBa Ha M3BBPIICHUTE HU3CIEABAHUS U MOCTUTHATUTE PE3yJITaTH MOraT Jia ce
dbopMynupar ciaeHUTE OCHOBHU 3aKIIOUCHHUS:

e (Cucremara 3a HHXEHEPHO-TEXHUYECKO OCUTYpsIBaHE MOXe J]a ObJle YChBBPILIECHCTBAHA
ype3 BHeapsaBaHe Ha [ICTOP, kouTo yBenuyaBarT aBTOHOMHOCTTA, OIEpPAaTHBHATA
YCTOWYMBOCT U PEMOHTOIIPUTOITHOCTTA HA MH)KEHEPHUTE (POPMHUPOBAHHUS.
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e [lpennoxeHUAT MHTErpajieH MOJEN 3a OICHABAaHE Ha (YHKIMOHATHATA HaJEXkKIHOCT
JlaBa Bb3MOXKHOCT 32 00EKTUBEH CPaBHUTEJICH aHAINU3 Ha pa3nuuHu KoHpurypanuu Ha UTO u
MOJIKPEIsi B36MaHETO Ha PellIeHUs U TUIAaHUPAHE Ha HHKEHEPHO-TEXHIUYECKaTa MOIIPhKKa.

e PazpaboreHara cucreMa OT IMOKAa3aTed M METOAMKATA 33 TAXHOTO HOpMalU3UpaHe
MO3BOJISIBAT YUCIIOBO OLIEHSBAHE U MPOTHO3MpaHe Ha pabOTOCIOCOOHOCTTa HAa MH)KEHEpHAaTa
TEeXHHUKa, He3aBUCUMO OT Tura Ha u3noiaszBanata [ICTOP mrardopma.

e [lomyueHute pe3yinraTd MOTBBP)KIAABAaT XMUIOTE3aTa Ha JAMCEPTALlMOHHUSA TPY.I
otHocHO edekra Ha [ICTOP 3a ycwBepiieHcTBane Ha cuctemara 3a UTO u nmoka3sar 3Hauum
MPAKTUYECKH e(DeKT 3a MHKEHEPHO-CIIACUTEITHUTE JCHHOCTH.

B pesynarar tpyasr ¢dopmmpa, KakTo HayyHa Jo00aBeHa CTOMHOCT 3a TeopuAra Ha
WHXEHEPHOTO-TEXHUYECKO OCUTYpSIBAaHE, Taka M IPUIIOKHA CTOMHOCT 3a IpaKTHKaTa Ha
aBapUtHO-CIIACUTEIHUTE (HOPMUPOBAHHSL.

PazpaboTenuTe moaxo 1, MOJIEIN U OLIEHKHA MOTAT JIa TIOCITY>KaT KaTo HaIpaBJICHUS 32
MO-HaTaThIHA padoTa:

e [lpoBexnane Ha moneBu u3nutBanus Ha paznuyau [ICTOP koudurypanum c men
OIpe/ieIIiHE Ha PEAIHUTE ONEPAaTUBHU OIPAaHUYEHUS U Bb3MOKHOCTH;

e Pa3zpaboTBaHe Ha OOYYMTEIHN MOIYJH M TAKTHYECKH Tpoueaypu 3a padora ¢ [ICTOP
B aBapUIHO-CIACUTEIHH ONIEPaLlUN;

e U3cnensane Ha B3aumozeiicrsuero mexxay [ICTOP u npyru enemeHTH Ha HHKEHEPHO-
TEXHUYECKOTO OCHUTypsIBaHE, BKIIOYUTEIHO KOMAHIHHM ITyHKTOBE, JIOTUCTUYHU 3BEHA U
CUCTEMH 3a PAHHO MPENYIPEKACHUE.

III. IPUHOCHU HA JUCEPTALIMOHHUSA TPY [

HAYYHHU TPUHOCH

1. UnenTudunupanu ca napamMeTpuTe ¢ Hail-CUJIHO BIUSHUE BbpPXY €(PEKTUBHOCTTA
Ha HHXEHEPHO-TEXHUUYECKOTO OCUTypsiBaHE (BpeMe 3a pearupaHe, PeMOHTONPUTOJHOCT,
JIOTUCTUYHA aBTOHOMHOCT U PECYpCHA 00€3MEeUYEHOCT).

2. YcraHOBeHUTE 3aBHCHUMOCTH, OIpeAeI AT WH)XCHEPHO-TEXHUYECKOTO
OCUT'ypsIBAHE KaTO MHTErpajHa CHCTEMa, IIOAYMHEHAa HA TEXHUYECKH, JIOTUCTHYHH,
BBHILHOCPEJIOBH U ONEpPaTUBHU (PAKTOPU ca MPUIOKUMHU BbB (JOPMHUPOBAHUS 3a OBIIA/ISIBAHE
Ha MOCJIE/ICTBUATA OT OS/ICTBUS U aBapUU.

3. ®opmynnpaHa € TOCIENOBaTEJIHA METOJMYECKa paMKa 3a BHEIPSIBaHE Ha
pa3paboTeHHsI MOJIeJ B PEaJTHU CTPYKTYpH — UACHTU(UKaIMS Ha GaKTOpH — HOpMaTU3alus
Ha TIOKa3arelu — W3YHCIsABaHE Ha K, — W3YHCIsIBaHe Ha Ky— WHTeprperanus Ha

pe3yaTaTUTE 3a B3EMaHE Ha PEILIEHUs.

4. Ilpemioskenata pazpaboTka Moxke Ja ObAe M3MOJ3BaHAa 3a IUIAaHHMpaHe,
MoJepHU3alus M u300p Ha ontuManHu KoHurypamuu Ha IICTOP B uHXeHepHH
dopmupoBanus Ha MunucrepctBoro Ha oropanata, MBP, I'/IIIB3H u chBMecTHO yuacTBaiu
cunu B pamkute Ha HATO u EC.
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5. MogenbT cb3aBa MPEANOCTaBKH 3a HMHTErpUpaHe B LU(POBU CHUCTEMH 3a
MOHUTOPHHI HAa TEXHUYECKA TOTOBHOCT U MOJAPBHKKA HA MHKEHEPHATa TEXHUKA.

HAYYHO-ITPUJIOKHHU NTPUHOCH

1. Pa3paboTeH e aBTOpCKM MaTeMaTU4YeCKH MOJEJ 3a OLEHSBaHE Ha OolepaTUBHATA
e(hEeKTUBHOCT Ha TOJBMKHUTE CPEACTBA 3a TeXHHUYecKo ooOciyxkBaHe u peMoHT (IICTOP),
u3paseH upes3 KoepuuueHTa K, .

2. Pa3zpaboreHn e aBTOPCKM MHTErpajieH MaTeMaTH4YeCKH MOJeJ 3a OIleHKa Ha
byHKIIMOHATHATa HAJESKIHOCT HA CHCTEMaTa 3a HWH)KEHEPHO-TEXHHYECKO OCHUTYpsIBaHe,
peanusupan upes Koepuruenra K.

3. JlokazaHa e (QyHKIMOHAIHATa B3aUMOBPB3Ka MEXAY JIOKATHUS ToKazaren K., u
MHTETPATHUS TOKa3aTen Ky, KOETO MO3BOJIsABA JIa Ce pocnenu cucteMuust epexr na [ICTOP

BBpPXY 06maTa TOTOBHOCT Ha MHXXCHCPHATA TCXHUKA.
4, Mopaenute Kcn u Kf Ca IMPHUIIOKECHH CKCIICPUMCHTAJIIHO 3a CPABHCHUC HAa pPa3JIMYHHU

KOH(QUIypallud Ha WHXEHEPHO-TEXHUUYECKO OCHUTYpsiBaHE, KaTo € YCTaHOBEHO, ue
BkioyBaneTo Ha [ICTOP Boam no 3Ha4MMo moBHUINaBaHEe HA (YHKIIMOHATHATA HAIEKIHOCT
Ha MH)KEHEpHaTa TeXHUKa.

5. OGocHOBaHU ca MHTEPIPETALIMOHHU [IParoBU CTOMHOCTH M JUAala30HM 3a OIEHKA
Ha e¢ektuBHocTTa Ha [ICTOP u Ha QyHKUMOHANHATA HAJAEXKIHOCT HAa HHXKEHEPHO-
TEXHUUYECKOTO OCUTYPSIBAHE.

MYBJINKALIUU, CBBP3AHU C AJMCEPTAIMOHHUA TPY:
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,Bacui Jlescku” BT, 2024, ISSN 1314-1937
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I. GENERAL CHARACTERISTICS OF THE DISSERTATION
RELEVANCE OF THE PROBLEM

The relevance of this dissertation arises from the increasing frequency and scale of
natural disasters and technological accidents, accompanied by significant human casualties
and material damage, which necessitate the continuous improvement of crisis management
and civil protection systems. Under these conditions, emergency and rescue activities are
characterised by high dynamics, short response times, and the requirement for reliable
operation of engineering equipment in extreme environments.

Modern emergency and rescue operations require engineering machinery to maintain a
high level of functional readiness in the presence of damaged infrastructure, adverse climatic
conditions, limited logistical resources, and increased operational risk. Practice demonstrates
that failures of engineering equipment during emergency and rescue activities lead to serious
delays, compromise operational effectiveness, and increase risks to rescue teams and the
affected population.

In this context, engineering and technical support is established as a key element of
the disaster response system. It is not limited solely to the performance of repair activities, but
rather constitutes an integrated process encompassing diagnostics, technical maintenance,
resource management, mobile logistics, and risk assessment throughout the entire life cycle of
engineering equipment.

The dynamic development of engineering machinery—from massive mechanical
structures to mobile, digitalised, and modular systems—changes the requirements for their
maintenance and recovery. The contemporary engineering approach places emphasis not so
much on the structural robustness of equipment, but on the capability for rapid restoration of
operational functionality under field conditions. This necessitates the development and
application of new models for assessing functional reliability and the effectiveness of
engineering and technical support.

The aim of the dissertation is to examine existing methods for assessing the
effectiveness of engineering machinery in emergency and rescue operations through the
development of structural models and the determination of coefficients that enhance the
efficiency of the overall system.

Main Objectives:

e to investigate and analyse the impact of mobile repair assets on the
effectiveness of the engineering and technical support system;

e to investigate and analyse the influence of technical maintenance and
diagnostics on the operational effectiveness of equipment used in emergency and rescue
activities;

e to propose methodologies for improving the system of engineering machinery
through the utilisation of mobile repair assets.

The object of the study in this dissertation comprises the representatives of mobile
repair assets.

The subject of the study includes the influencing characteristics and key indicators for
improving the system of engineering and technical support in emergency and rescue
activities.

The achievement of the research objectives and the solution of the stated tasks are
accomplished through the application of methods of system and structural-functional
analysis, structural and mathematical modelling, methods of mathematical statistics and data
normalisation, and multi-criteria and integral evaluation methods.



For greater specificity and significance of the research, the study is conducted under the
following defined limitations:
» Only the various types of mobile repair assets for engineering machinery and
their impact on the system of engineering machinery are considered.

II. STRUCTURE OF THE DISSERTATION

Structure of the Dissertation

The development of the dissertation is directed towards the fulfilment of the stated
research objective and the research tasks derived therefrom. The analysis is focused on the
object and subject of the study in accordance with the formulated research thesis and the
defined limitations. In this regard, the dissertation comprises an introduction, three chapters
with corresponding conclusions, general conclusions, a conclusion, scientific contributions,
scientific and applied contributions, a glossary of abbreviations used, a list of references, and

a list of appendices.
CHAPTER ONE

FORMULATION OF THE RESEARCH PROBLEM

1.1. Historical Development of Engineering Machinery and Rescue Equipment

The analysis of the development of engineering machinery and rescue equipment
reveals a consistent trend from solutions based primarily on manual labour and limited
mechanisation towards complex engineering systems characterised by a high degree of
mobility, autonomy, and functional reliability. In the early stages, the effectiveness of
emergency and rescue activities was highly dependent on the human factor, while the
capabilities for maintaining and restoring equipment within the disaster area were limited.

The development of heavy engineering mechanisation after the Second World War led
to a significant increase in productivity and the scale of operations; however, it also revealed
limitations associated with low autonomy and dependence on stationary repair facilities. This
determined the need for a new approach, in which reliability is achieved not solely through
structural robustness, but through the capability for rapid technical recovery.

At the contemporary stage, the development of engineering equipment is directed
towards the integration of digital technologies, modular design solutions, and real-time
diagnostic systems. This transition underlies the increasing role of mobile maintenance and
repair assets, which become a key element in maintaining the functional readiness of
engineering machinery during emergency and rescue activities. Thus, historical development
logically leads to the necessity for the enhancement of the system of engineering and
technical support as an integrated and adaptive process.

1.2. Analysis of Hazards and Disasters Affecting Engineering Machinery in
Emergency and Rescue Activities

The analysis of hazards and disasters affecting engineering machinery in emergency
and rescue activities indicates that the effectiveness of the employed equipment is directly
dependent on the nature, intensity, and spatio-temporal parameters of crisis events.
Engineering equipment operates under conditions of damaged infrastructure, unstable terrain,



adverse climatic influences, and increased operational risk, which creates prerequisites for
accelerated wear, functional failures, and reduced reliability.

Depending on their origin, hazards and disasters may be classified as natural,
anthropogenic, and combined. Natural disasters include floods, earthquakes, landslides, fires,
snowstorms, and extreme meteorological phenomena, which exert a direct impact on the
mobility, stability, and operational capability of engineering machinery. Anthropogenic
hazards are associated with industrial accidents, transport incidents, contamination, and the
presence of hazardous materials, where the risk is often compounded by the combined effects
of technological and natural factors.

Of particular importance for assessing the impact on engineering equipment are the
frequency and distribution of disasters at the national level. Statistical data for the Republic of
Bulgaria indicate a high intensity of crisis events of various types, which determines the
necessity for engineering machinery with a high level of functional readiness and the
capability for prolonged operation in an autonomous mode.

Table 1. Number of Disasters by Type for the Period 2013—2023

Ne Type of Crisis Event Number
1. | Fires 17 252
2. | Landslides 643
3. | Earthquakes 51
4. | Droughts 96
5. | Floods 3533
6. | Storms, Tornadoes, Whirlwinds, and Waterspouts 806
7. | Hailstorms 115
8. | Snowstorms (Snowdrifts) 589
9. | Icing and Frost Conditions 445
10. | Accidents 962
11. | Vehicle Accidents 18 810
12 Pollution (Chemical Substances, Hazardous Waste, 138
" | Municipal Waste, and Others)
13. | Other Crisis Disasters and Events 82
TOTAL Number of Disasters 43 522
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Figure 1. Distribution of Crisis Events by Type for the Period 2013-2023 (Percentage Share)

The analysis of the data indicates the dominance of fires, floods, and transport
incidents, which imposes increased requirements on engineering equipment in terms of
mobility, resistance to thermal and hydrological impacts, and the capability for rapid recovery
following partial failures. Under these conditions, failures of individual assemblies or systems
may lead to significant delays in emergency and rescue operations and to an increased risk to
personnel.

An important element of the analysis is the identification of critical factors that affect
the operational capability of engineering machinery in a disaster environment. These include
mechanical loads, the impact of water, dust, and aggressive substances, temperature
fluctuations, as well as limitations in logistical and repair support. The interaction among
these factors necessitates the application of a systemic risk assessment approach that
considers not only the probability of failure occurrence, but also its consequences for the
overall execution of emergency and rescue activities.

The conducted analysis substantiates the necessity for integrating methods of
functional safety, diagnostics, and risk management into the system of engineering and
technical support. This creates the prerequisites for the timely identification of vulnerabilities,
the reduction of the likelihood of critical failures, and the enhancement of the resilience of
engineering equipment in emergency and rescue operations.

1.3. Main Tasks and Principles of Engineering and Technical Support in
Emergency and Rescue Activities

Engineering and technical support in emergency and rescue activities constitutes an
organised system of measures aimed at maintaining and restoring the operational capability of
engineering equipment employed in actions under conditions of disasters, accidents, and



catastrophes. Its role is directly related to ensuring the operational readiness, safety, and
continuity of engineering units in a dynamic and high-risk environment.

The main tasks of engineering and technical support derive from the necessity for
timely response and the efficient utilisation of engineering equipment under conditions of
limited resources and a high degree of uncertainty. These tasks include the diagnostics and
assessment of the technical condition of machinery, the organisation and execution of routine
and emergency repairs, the technical evacuation of damaged equipment, as well as the
provision and management of spare parts, tools, and consumables. A significant role is also
played by the provision of energy, water supply, and communication resources required for
autonomous operation within the disaster area.

The effective performance of these tasks is based on the application of specific
principles that determine the organisation and functioning of engineering and technical
support. A leading principle is the maintenance of a high level of technical readiness of
engineering equipment, which requires continuous condition monitoring and the timely
performance of technical maintenance and repair. Another fundamental principle is the
minimisation of the time required to restore operational capability, as delays in repair
activities may result in substantial operational losses during emergency and rescue operations.

Under disaster conditions, the principle of autonomy assumes particular importance,
implying the capability to perform technical maintenance and repair in field conditions
without dependence on stationary infrastructure. This necessitates the use of mobile
maintenance and repair assets capable of providing diagnostics, repair, and supply in close
proximity to the area of operations. A complementary principle is the integration between
engineering and technical support and logistical processes, which enables optimal resource
management and coordination among the various elements of the system.

The analysis of the tasks and principles of engineering and technical support
demonstrates that its effectiveness is not determined solely by the availability of technical
assets, but by the degree of their organisation, adaptability, and alignment with the operational
requirements of emergency and rescue activities. This substantiates the need for the
enhancement of the system of engineering and technical support through the application of a
systemic approach based on risk assessment, functional reliability, and the optimisation of
repair and recovery processes.

1.4. Structure, Assets, and Organisation of Engineering and Technical Support
in Emergency and Rescue Activities

The structure and organisation of engineering and technical support in emergency and
rescue activities are determined by the need to ensure the continuous technical readiness of
engineering equipment under conditions of a dynamic operational environment, damaged
infrastructure, and limited resources. The system of engineering and technical support
comprises a set of organisational, technical, and logistical elements functioning in close
interrelation with the aim of maintaining and restoring the operational capability of the
machinery and assets employed.

From a structural perspective, engineering and technical support includes various
levels and units that provide technical diagnostics, maintenance, repair, and the supply of
material resources. Depending on the scale and nature of emergency and rescue activities,
these functions may be performed by stationary and mobile repair formations; however, under
disaster conditions, mobile maintenance and repair assets assume a leading role. They enable
diagnostic and repair activities to be carried out in close proximity to the area of operations,
which significantly reduces the time required to restore operational capability.



The assets for engineering and technical support include mobile repair workshops,
diagnostic equipment, tools, spare parts, energy and lighting resources, as well as transport
means for technical evacuation. Their configuration and level of equipment are determined by
the type of engineering machinery employed, the expected loads, and the specific
characteristics of the operational environment. The effective utilisation of these assets
requires prior planning, standardisation of equipment, and a clear allocation of functions
among the individual units.

Table 2. Phased Approach to the Organisation of Engineering and Technical Support

Phase Activity
. Risk analysis, allocation of forces and assets, planning of routes and
Preparation
resources
Deployment Estabhshmept of support bases, positioning of repair teams, provision of
communications
. Continuous technical support, restoration of damaged systems and
Execution .
equipment
. Technical inspection, reporting, and analysis of utilised resources and
Completion .
effectiveness

The organisation of engineering and technical support in emergency and rescue
activities is based on a phased approach encompassing the stages of preparation, deployment,
operation, and recovery. Within this approach, continuity and coordination of technical
activities are ensured while accounting for the dynamic changes in the situation and the
priorities of rescue operations. Of particular importance is the flexibility of the organisation,
which enables the adaptation of repair and recovery processes to specific conditions and
emerging technical problems.

The analysis of the structure, assets, and organisation of engineering and technical
support demonstrates that its effectiveness depends not only on the availability of technical
resources, but also on the degree of their integration, mobility, and alignment with operational
tasks. This necessitates the enhancement of organisational models and the application of a
systemic approach to the planning and management of engineering and technical support in
emergency and rescue activities.

CONCLUSIONS FROM CHAPTER ONE

1. The analysed sources provide limited information on the use of mobile repair assets in
the mitigation of the consequences of disasters, accidents, and catastrophes.

2. The method for assessing the impact of technical maintenance regimes on the
effectiveness of the utilisation of engineering equipment has been insufficiently addressed.

3. No criteria or criterion-based models have been developed for determining
engineering and technical effectiveness and for defining the parameters of the system of
engineering and technical support in emergency and rescue activities.



CHAPTER TWO

FACTORS INFLUENCING THE OPERATIONAL CAPABILITY AND
FUNCTIONAL SAFETY OF MOBILE MAINTENANCE AND REPAIR ASSETS IN
EMERGENCY AND RESCUE ACTIVITIES

2.1. Classification and Functional Role of Mobile Maintenance and Repair
Assets in Emergency and Rescue Activities

Mobile maintenance and repair assets occupy a key position within the system of
engineering and technical support in emergency and rescue activities, as they provide the
capability to maintain and restore the operational capability of engineering equipment
under conditions of damaged infrastructure and limited access to stationary repair
facilities. Their functional role is directly associated with reducing recovery time,
increasing autonomy, and maintaining a high level of operational readiness of engineering
units.

Depending on their purpose, level of equipment, and scope of activities, mobile
maintenance and repair assets may be classified according to several main criteria. One of
the principal criteria is their functional designation, under which assets are distinguished
as those intended for technical diagnostics, routine repair, recovery repair, and
comprehensive maintenance. This classification enables the optimal allocation of
resources in accordance with the nature of the failures encountered and the operational
requirements of emergency and rescue activities.

Another significant classification criterion is the degree of mobility and autonomy of
the mobile assets. In this respect, assets are differentiated into those constructed on
vehicle chassis, trailers, or modular platforms, which can be rapidly deployed within the
disaster area and operate for extended periods without external supply. The autonomy of
these assets is determined by the availability of energy sources, spare parts, tools, and
diagnostic equipment required to perform repair activities under field conditions.

Table 3. Classification of Mobile Maintenance and Repair Assets

Classification Classification Categories / Characteristics
Criterion Types
By purpose General-purpose Universal for a wide range of
repair activities
By purpose Specialised Optimised for specific equipment

(fire engines, hydraulic systems,
SCBA, generators, etc.)

By structural Trucks; vans; container-based | Differentiated by mobility,
platform (chassis) | / modular platforms equipment capacity, and
autonomy; container-based
platforms provide the greatest

flexibility
By functional Mechanical; electrical, Equipped according to the most
specialisation of | hydraulic; welding; combined | frequent equipment failures;
repair combined platforms enable the

performance of multiple types of
repair activities
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Classification Classification Categories / Characteristics
Criterion Types
By degree of Limited autonomy Dependent on external resources
autonomy

The functional role of mobile maintenance and repair assets is expressed not only in
the performance of specific repair operations, but also in the provision of technical
diagnostics, preventive maintenance, and logistical support for engineering equipment.
Through the timely detection and elimination of partial failures, the escalation of
malfunctions is prevented and the risk of complete loss of operational capability during
critical phases of emergency and rescue operations is reduced.

The analysis of the classification and functional role of mobile maintenance and repair
assets indicates that their effectiveness depends on the degree of alignment between the
capabilities of the assets and the actual needs of engineering equipment within a specific
operational environment. This necessitates the assessment of internal and external factors
influencing their operational capability and functional safety.

2.2, Internal Factors Determining the Operational Capability of Engineering
Machinery

The operational capability of engineering machinery in emergency and rescue
activities is to a significant extent determined by the set of internal technical factors
embedded in their design, operational characteristics, and level of technical condition. These
factors exert a direct influence on the reliability, safety, and ability of the machinery to
perform assigned tasks under conditions of increased loads and limited resources.

The principal internal factors include the structural features of the machinery,
including the strength and stability of load-bearing elements, the quality and reliability of
power units, transmissions, and working mechanisms, as well as the degree of modularity and
maintainability. Design solutions that facilitate access to assemblies and components and
allow for rapid replacement or repair are of critical importance for maintaining operational
capability under field conditions.

A significant internal factor is the technical condition of the machinery, which is
determined by the degree of wear of major components, the presence of latent defects, and the
condition of control and safety systems. Insufficient or untimely technical diagnostics may
lead to failures at critical moments, thereby compromising the execution of emergency and
rescue operations.

A substantial role is also played by internal operational parameters related to operating
regimes, loads, and the interaction among the individual systems of the machinery. Under
emergency and rescue conditions, engineering machinery often operates outside its nominal
regimes, which accelerates wear and increases the likelihood of functional failures. This
imposes increased requirements on monitoring, diagnostic, and technical condition
management systems.

The analysis of internal factors indicates that the operational capability of engineering
machinery is not a static quantity, but a dynamic indicator that varies depending on the
technical condition, operating regimes, and the effectiveness of maintenance. This
substantiates the need for the application of a systemic approach to technical diagnostics and
technical condition management in order to ensure the timely detection of degradation
processes and the prevention of critical failures.
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2.3. External Factors and Threats under Conditions of Natural
Disasters and Anthropogenic Incidents

External factors and threats exert a significant influence on the operational capability
and functional safety of engineering machinery in emergency and rescue activities. In contrast
to internal factors, which are associated with the design and technical condition of the
machinery, external factors are determined by the characteristics of the environment in which
rescue operations are conducted and are often variable and difficult to predict.

The principal external factors include climatic and meteorological conditions,
including extreme temperatures, precipitation, wind, snowfall, and icing, which affect
mobility, traction, cooling, and the operation of power and hydraulic systems. Under
conditions of floods, fires, and landslides, engineering machinery is exposed to water, mud,
dust, aggressive chemical substances, and high temperatures, which increases the risk of
accelerated wear and sudden failures.

A significant external factor is the condition of infrastructure within the disaster area.
Damaged roads, bridges, and communication networks restrict the access of engineering
machinery and impede the performance of technical maintenance and repair. This necessitates
the use of machinery with enhanced mobility and autonomy, as well as mobile maintenance
and repair assets capable of operating in the absence of stationary infrastructure.

Anthropogenic incidents, such as industrial accidents, transport catastrophes, and
contamination with hazardous substances, create additional risks for engineering machinery
and service personnel. The presence of toxic, explosive, or radioactive substances requires the
use of specialised protective equipment and limits the time available for work within the
incident area, which directly affects the organisation of engineering and technical support.

The analysis of external factors and threats demonstrates that their impact on
engineering machinery is complex and often combined, which complicates the application of
standard approaches to maintenance and repair. This substantiates the need for the integration
of risk assessment and functional safety methods that account for environmental influences
and support decision-making for maintaining the operational capability of equipment in
emergency and rescue activities.

24. Methodologies for Technical Diagnostics and Risk Assessment of
Engineering Machinery

Technical diagnostics and risk assessment constitute core elements of the system of
engineering and technical support in emergency and rescue activities, as they enable the
timely identification of deviations in the technical condition of engineering machinery and the
prevention of functional failures during critical phases of operations. Under conditions of
increased dynamics and limited time, diagnostic processes should be directed towards the
rapid and reliable determination of the operational capability and residual life of major
assemblies and components.

Methodologies for technical diagnostics include visual, instrumental, and functional
methods through which the condition of structural elements, power, hydraulic, and electronic
systems of engineering machinery is assessed. Visual diagnostics allow the rapid detection of
visible damage, leaks, and deformations, while instrumental methods provide a more accurate
evaluation of parameters such as pressure, temperature, vibrations, and electrical
characteristics. Functional testing complements the diagnostic process by verifying system
performance under real or near-real operating conditions.
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Risk assessment in the operation of engineering machinery is based on the analysis of
the probability of failure occurrence and the severity of its consequences for emergency and
rescue activities. In this context, methods are applied to identify critical components and
processes, as well as to classify risks according to their significance. The integration of
technical diagnostic results into the risk assessment process enables informed decision-
making regarding the necessity for repair, replacement, or the temporary withdrawal of
individual machines from operation.

Create an informational basis for assessment

v

Analyse the situation and area characteristics

I ]

b, & v
Threat assessment Potential damage assessment
¢ identify threats e analyse vulnerabilities
¢ determine risk sources e assess infrastructure
* develop scenarios * assess consequences
o forecast probabilitiies ¢ determine risk categories

v *

Determine significant risk

» combine likelihood and consequences

e prioritise risk areas

v

Combine preliminary assessment

e categorize risks

e formulate recommendations

v

Figure 3. Structured Process for the Assessment of Hazards, Vulnerabilities, and Combined
Risk

The analysis of methodologies for technical diagnostics and risk assessment indicates
that their effectiveness depends on the degree of integration within the overall system of
engineering and technical support. The application of a systemic approach that integrates
diagnostic results, risk assessment, and the planning of repair and recovery activities creates
the prerequisites for enhancing the functional reliability and safety of engineering machinery
in emergency and rescue activities.

2.5. Integrated Model of Influencing Factors on Functional Reliability

The integrated assessment of factors influencing the functional reliability of
engineering equipment in emergency and rescue activities requires a systematic consideration
of the internal parameters of the machinery, the external operational environment, and the risk
impacts that act simultaneously and in dynamic interrelation. Practice demonstrates that
failures are rarely the result of a single factor, but rather arise from the combined and
synergistic effects of design-related, operational, and environmental influences.
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The functional reliability of engineering equipment under disaster conditions should
be regarded as a dynamic balance between the capacity of the machinery to withstand loads
and the rate of degradation of its systems under the influence of the external environment. In
this sense, reliability assessment cannot be static or based solely on nominal service life, but
should take into account the current technical condition, operating conditions, and the
effectiveness of technical maintenance.

The analysis of the preceding subsections indicates that the impact on the operational
capability of engineering equipment is realised through three main groups of factors: internal
factors reflecting the structural and technical condition and residual life; external factors
determined by the characteristics of the operational environment and disaster impacts; and
risk factors associated with the probability and criticality of failures in individual assemblies
and components. The key practical challenge is not the presence of an individual factor, but
the simultaneous and combined influence of these factors within a specific operational
context.

External Factors

Organizational and
Logistic Factors

7 \ / A Y
/4 AN
7 \ W / X
1 1
I 1
! FUNCTIONAL -
l| RELIABILITY (Kf) 'l
\ 1
i / T \ !
A yi
Technical Factors Repairability
Factors
T~ -
~ Ve
~ -
~ -
\\\ ,//

Diagnostic Factors

Figure 4. Radial Model of the Main Factors Influencing Functional Reliability

In this regard, the use of an integral coefficient of functional reliability, denoted as Ky,
is proposed, which consolidates internal, external, and risk-related influences, weighted
according to their operational significance and normalised with respect to the diagnostic time
interval. The formal representation of the model is as follows:

(K x wy) + (K, X we) + (K, x w,) 2.1)
_ T

Ky

Where:
Ky — integral coefficient of functional reliability;
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K; — coefficient of internal factors (structural and technical condition);

K. — coefficient of external factors (operational environment and impacts);

K, — coefficient of risk factors (diagnostically determined probability of failure);

wi, we, w,— weighting coefficients assessing the relative significance of each group of
factors for the specific mission;

Tu4— diagnostic time interval defining the frequency of monitoring and updating of
machinery condition data.

The integral coefficient of functional reliability Kr, enables not only the quantitative
assessment of the current level of functional reliability, but also the forecasting of changes in
operational capability over time, which makes it an applicable tool for operational planning,
the prioritisation of technical maintenance, and the optimisation of the utilisation of mobile
maintenance and repair assets.

CONCLUSIONS FROM CHAPTER TWO

1. The operational capability and functional reliability of engineering equipment
are formed under conditions of high dynamics and uncertainty, in which the impacts on
machinery are realised simultaneously through internal technical parameters, external
physico-chemical factors, and risk influences determined by diagnostic methods.

2. The isolated assessment of the technical condition of assemblies and
components is insufficient for the reliable forecasting of failures, as the external operational
environment and probabilistic risk indicators exert a significant influence on the service life
and resilience of engineering equipment.

3. Functional reliability should be regarded as an integral parameter that
consolidates technical, environmental, and risk-related influences and accounts for their
simultaneous manifestation and temporal dynamics, which renders static assessments of
technical serviceability inapplicable under real emergency and rescue conditions.

4. The necessity of an integrated analytical approach to the assessment of
functional reliability is substantiated, enabling the quantitative representation of condition, the
tracking of its dynamics, and the establishment of a methodological basis for modelling,
failure forecasting, and the optimisation of maintenance and resource support, as developed in
Chapter Three.

CHAPTER THREE

MODELLING AND OPTIMISATION OF ENGINEERING AND TECHNICAL
SUPPORT PROCESSES IN EMERGENCY AND RESCUE ACTIVITIES

3.1. ANALYSIS OF PROBLEM AREAS IN THE OPERATION OF
ENGINEERING EQUIPMENT

The operation of engineering equipment in emergency and rescue activities is
conducted under conditions that differ substantially from standard operating regimes, which
leads to increased and difficult-to-predict loads on assemblies, equipment, and service
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personnel. The combined impact of mechanical, thermal, and chemical factors accelerates
degradation processes and increases the risk of functional failures, even in machinery with
nominal technical serviceability.

The analysis of operational deviations indicates that the decline in operational
capability is rarely the result of a single factor, but rather arises from the cumulative effect of
internal technical constraints, external environmental influences, and insufficient adaptation
of organisational and logistical processes to the conditions of the specific mission. In this
sense, engineering equipment should be regarded as part of an interconnected engineering and
technical system, in which the effectiveness of an individual element depends on its technical
condition, management, maintenance, logistical support, and the temporal constraints of the
operation.

Problem areas in the operation of engineering equipment may be systematised
according to the factor—deviation—consequence mechanism and, from an operational
perspective, are manifested through three main groups of deviations:

— technical-resource-related, associated with accelerated wear and unstable operating
regimes;

— environmental, o0ycinoBeHn by aggressive physico-chemical and meteorological
influences;

— operational, arising from constraints in time, logistics, and crew workload.

These groups of deviations do not act in isolation, but rather form an interconnected
system of causes and consequences, in which the impact on one element leads to a cascading
deterioration of overall operational capability. This necessitates the structured identification
of problem areas and their quantitative assessment as part of the overall system of engineering
and technical support.

Table 5. Problem Areas, Consequences, and Measurement Indicators

ional .
Problem Area Operationa Measurement Indicator
Consequence
Accelerated wear of Reduced power output Resource degradation rate;
assemblies and components | and productivity hours to critical threshold
Temperature and vibration
Thermal / vibrational Unstable operation under | amplitudes;
overload load deviation from nominal
parameters
Inefficient hydraulic or Loss of controllability Pressure' drop;. .
. voltage instability;
power system and functional modes .
fuel consumption
Aggressive environment Increased risk to the crew | Contamination levels;
(chemical / biological / and reduced duration of | safe operating time without
radiological) operation protection
Unfavourable terrain and Limited manoeuvrability | Travel speed; percentage of
obstacles and accessibility impassable sections
. . Delays in th k cycle | Time f li f rts;
Limited logistical support © ays 1 the Work cycie fme ot delivery of spare parts;
and repair activities service time
Insufficient diagnostic Gaps in failure Diagnostic interval;
capability forecasting accuracy of diagnostic signals
) Increased likelihood of Shﬁt duratlon;.
High crew workload e fatigue coefficient;
errors and incidents
number of operator errors
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The analysis indicates that a substantial proportion of the negative consequences are
associated not with the primary occurrence of failures, but with the limited capability for their
timely diagnostics, maintenance, and rectification within the area of emergency and rescue
operations. This places the maintenance, repair, and recovery of engineering equipment at the
centre of engineering and technical support.

In this regard, the need for a quantitatively measurable system of indicators for
assessing the operational capability of engineering equipment is substantiated.

The existing system of indicators C1—-C25 does not fully reflect the specific
characteristics of mobile maintenance and repair assets operating under conditions of limited
time, the absence of stationary infrastructure, and increased risk.

Therefore, the introduction of Subsystem C26 “Mobile Maintenance and Repair
Assets” is proposed, which extends the existing system by emphasising operational readiness,
repair and recovery potential, and autonomous operation of MMRA. Subsystem C26
comprises three functional domains: operational readiness (C261), repair and recovery
activities (C262), and autonomous operation (C263), which provide a targeted and applicable
assessment under emergency and rescue conditions.

3.2. Development of a System of Indicators for Assessing Operational
Capability

The effectiveness of engineering equipment in emergency and rescue activities
requires that its technical condition and operational capability be assessed through a system of
quantitative indicators that objectively reflect the influence of internal, external, risk-related,
and operational factors. Under conditions of increased dynamics and uncertainty, technical
diagnostics is established as the primary tool for obtaining reliable information on the
condition of engineering machinery and for making timely decisions under constraints of
limited time and resources.

The analysis of existing approaches indicates that classical indicators derived from
reliability theory, based on statistical and probabilistic methods, are insufficient for assessing
the operational capability of a specific machine under specific emergency and rescue
scenarios. Consequently, the development of a system of indicators is required that accounts
not only for technical serviceability, but also for environmental influences, failure risk, and
operational constraints.

The developed system of indicators is constructed on the basis of the principles of
informativeness, sensitivity, universality, adaptability, and quantifiability. The indicators are
grouped into four main categories: indicators of the internal technical condition of
engineering equipment, indicators of external environmental influences, indicators of risk
factors, and operational indicators reflecting the logistical and temporal constraints of
emergency and rescue operations.

Table 6. System of Indicators for Assessing Operational Capability

. Description / Metric &
Category Indicator Assessment Value Type
P, Wear rate of assemblies Normalised value (0-1)
Internal and components
. Stability of power and Deviation from
technical g . .
i, P hydraulic operating nominal parameters
condition . o
regimes (%)
Residual technical Hours to critical
Ps3
resource threshold
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Aggressiveness of the
External P, operat%onal epwropment Classification index
environmental (chemical / biological /
influences radiological)
P Terrain constraints and Share of impassable
’ mobility sections (%)
. ) Probabilistic
Risk-related Ps Probability of failure assessment (0—1)
actions Severity of
P; Criticality of failure consequences
(coefficient)
Operational Py Logistical and temporal Service tlrgle relative to
delays standard (%)
factors Fatigue index / shift
Py Personnel workload &}
duration

For the purpose of incorporating the developed indicators into the integral
mathematical model, indicators Pl to P9 are normalised and integrated through the
assignment of weighting coefficients w/ — w9 according to their significance for the specific
operational mission, the introduction of a unified comparability scale, and the provision for
dynamic updating under changing operating conditions. In this manner, the system of
indicators provides the quantitative basis for mathematical modelling and for the aggregation
of individual assessments into an integral parameter of functional reliability.

To enhance the objectivity of the assessment, a criterion-based evaluation of the
effectiveness of mobile maintenance and repair assets has been developed, based on key
operational and performance criteria such as mobility, autonomy, maintainability,
environmental adaptability, and logistical independence. The systematisation and
parameterisation of the indicators enable the formalisation of relationships among them and
the construction of a mathematical model for the assessment and forecasting of the functional
reliability of engineering equipment under dynamic conditions.

3.3. Formulation of Integral Coefficients for the Assessment of Engineering
and Technical Support

In the course of the research, the need arises to introduce a quantitative indicator
characterising the operational effectiveness of mobile maintenance and repair assets (MMRA)
as an element of the system of engineering and technical support. The objective is to assess
not only the availability of MMRA, but their actual contribution to enhancing the readiness
and resilience of engineering equipment under emergency and rescue conditions.

Following an analysis of possible integral indicators incorporating multiple
operational parameters, a simplified and practically applicable model is selected, structured
around three key aspects: response time in the event of a failure, the effectiveness of repair
activities, and operational autonomy.

Accordingly, an integral coefficient of operational effectiveness, denoted as Kon is
formulated to consolidate these three dimensions into a single aggregated numerical
assessment.
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The integral coefficient of operational effectiveness of MMRA is introduced as
follows:

Ko € [0;1], 3.1

Where:
e K,; — l-indicates very high operational effectiveness of mobile
maintenance and repair assets (MMRA);
e K, — 0—indicates very low operational effectiveness.
It is proposed that K, be defined as a weighted sum of three partial normalised
coefficients:

Kp,=w;-K,+w,-K,+w,-K,_,, 3.2)

Where:
o K, coefficient assessing response time;
o K,— coefficient assessing the success and productivity of repair activities;
o K,— coefficient assessing operational autonomy;

o w; w, W,— weighting coefficients reflecting the relative importance of the
three aspects.

o Wit W, +Wg=1,w,w,., w, =0.

In the general case, the weights may be adapted according to the specific scenario
(e.g., under severely constrained logistics — a higher value of w,, under a high dynamics of
failures — a higher value of wy).

In the baseline case, assuming equal significance of the three aspects, it may be
adopted that:

1
We=Wr=Wa=73 (3.3)
1.e.:
K +K, +K, 3.4
om 3

In both cases, the underlying principle is the same:
K, consolidates three normalised partial assessments into a single integral indicator.

Each of the partial coefficients is normalised within the interval [0; 1], where:

e values close to 1 indicate a favourable condition with respect to the respective
indicator;

o values close to 0 indicate an unfavourable condition.

Coefficient of Response Time K,

Objective: to assess how rapidly mobile maintenance and repair assets (MMRA)
respond to a repair request.
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Let:

o T4 actual average response time (from receipt of the task to the commencement of
repair activities), [min];

e T,,n—normative (allowable) response time, [min].

Then, the following is introduced:
Ty
K:=1- : 3.5)

T:[ 01

To avoid incorrect values, the following constraints are introduced:

. if Ty = Tpop— K¢ = 0 the response is slower than allowable;
. if Ty << Tyon and the formula yields a value greater than 1 — K; is limited to I,
1.e., in practice the following is applied:
T
. b
K; =min {1, max| 0, 1— 1.
‘ ( T.mn) (3.6)

In the text, a simplified notation K;, may be used, while the formal constraints are
specified in the accompanying description.

Coefficient of Repair Effectiveness K,

Objective: to assess the proportion of repair tasks that are successfully completed on
site, without the need for repeated intervention or evacuation to a stationary repair facility.

Let:

e N,sy— total number of requests/failures for which mobile maintenance and repair
assets (MMRA) are engaged during the period under consideration;

e N,.,— number of successfully completed on-site repairs, in which the equipment is

restored to an operational condition and can continue participation in emergency and rescue

activities.
Then:
N ¥
K. =———:
" Nosm 3.7
Where:

e K, — 1-almost all repairs are successfully performed in the field;

e K, — 0- he predominant proportion of failures cannot be rectified by mobile
maintenance and repair assets (MMRA).

If desired, at a later stage an additional multiplier accounting for repeated repairs may
be incorporated; however, within the scope of the present study, this formulation is sufficient
to provide a clear and intuitive quantitative assessment.
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Coefficient of Autonomy K,

Objective: to assess the extent to which mobile maintenance and repair assets
(MMRA) can operate autonomously under field conditions, without additional resupply of
fuel, spare parts, and consumables, and without returning to a base.

Let:

e T,u— actual average duration of autonomous operation (hours or days), during
which MMRA can perform tasks without additional resupply;

e T,.,— normative or target duration of autonomous operation (optimisation
objective).

Then:

p.i

ﬂBT. (3.8)

e

K, =

p.i

The following constraints are applied:
o ifTy 2T K; = 1;
o Ty €« Tp— K;=0.
e The restriction to the interval [0; 1] ensures the comparability of the three partial
coefficients and facilitates their integration into K.
ssuming equal weights (or scenario-dependent weights), interval-based evaluation
zones for K,; may be defined as follows::

e K, €[0,70;1,00] — high operational effectiveness;

e K, €[0,50;0,69] — satisfactory effectiveness, optimisation of selected elements
is recommended;

e K,,<050 - insufficient effectiveness, substantial modernisation and
organisational and technical changes are required.

The integral coefficient Kon is defined as a weighted sum of three partial normalised
coefficients:

Kp=w; - Ki +w.- K. +wg- K,

where Kt characterises response time, Kr — the effectiveness of repair activities and Ka
— the autonomy of MMRA, while the weighting coefficients reflect their relative significance
for the specific operational mission. Under conditions of equal significance of the aspects, an
averaged form of the indicator is adopted.

The coefficient Kon is proposed as an authorial integral indicator that serves as an
intermediate link between the specific operational characteristics of MMRA and the overall
assessment of the functional reliability of engineering equipment.

On the basis of the system of indicators developed in Section 3.2, an integral
mathematical model for the assessment of the functional reliability of engineering equipment

is formulated. The indicators are normalised within the interval [07 1] and weighted according
to their significance for the specific operational scenario. As an additional parameter, a
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diagnostic coefficient is introduced, accounting for the influence of monitoring frequency on
the probability of the timely detection of deviations.

The integral coefficient of functional reliability is defined as follows:

N
Kf = kd Z(Pr: ; Wn)-
n=1

Where:

o K- integral coefficient of functional reliability of engineering equipment;

e P,—normalised assessment of the condition for indicator n( within the range 0—1);
o w,— weighting coefficients reflecting the significance of the indicators QG w,, = 1);
e kg—diagnostic coefficient accounting for the influence of monitoring frequency.

e The resulting value of Ky enables a rapid and objective assessment of the functional
readiness of engineering equipment and the classification of its condition into zones of
high, acceptable, reduced, or critical readiness.

Table 7. Assessment of Functional Readiness According to the Coefficient K

Range of Ky Condition Assessment Operational Interpretation
The machinery is suitable for
0,80 — 1,00 High functional readiness prolonged operation in a

complex environment
Permissible for operation under
0,60 - 0,79 Acceptable readiness controlled conditions; enhanced
monitoring is recommended
Limited operation is required; a

0,40 —-0,59 Reduced readiness maintenance and repair plan is
necessary
Withdrawal from operation and
<0,40 Critical condition immediate repair are
recommended

3.4. Comparative Analysis of Results and Assessment of the Effectiveness of
Engineering and Technical Support

The developed model provides flexibility in adapting to different types of engineering
equipment and emergency and rescue scenarios through the modification of weighting
coefficients and normalised assessments. At the same time, it retains operational applicability
and can be implemented in tabular or software-based form, which makes it suitable for
practical deployment within engineering and technical units.

The comparative analysis aims to assess the effectiveness of different configurations
of the system of engineering and technical support in emergency and rescue activities through

the application of the integral coefficient of functional reliability Kr The analysis enables a
quantitative comparison among three typical scenarios: an engineering and technical support
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system without mobile maintenance and repair assets, a system with a national MMRA
platform, and a system with an allied MMRA platform of the FRSN class.

Table 9. Comparison of the Values of the Integral Coefficient Ky
Difference
N . Relative
Scenario Designation Ky Qualitative Operational to the
Assessment .
Baseline
Scenario
Stable operational capability
ETS without © ~ qndgr standard conditions;
K ~0,39 | limited autonomy and -
MMRA f e )
adaptability in a dynamic
environment
ETS with Enhanced readiness; reduced
National dependence on logistical
MMRA K }BG} ~ 0,59 | infrastructure; faster recovery ~+50 %
Platform of equipment under complex
(MRS-ETS) operational conditions
LS with High functional reliability;
MMRA g (NAT0) ~ 0,68 optlmql malnta}r}ablllty and ~ 75,
f operational resilience under
Platform dynamic emergency scenarios
(FRSN type) Y gency

The obtained values of the integral coefficient demonstrate a clearly expressed trend
towards increased functional reliability with the implementation of mobile maintenance and

repair assets (MMRA). In the baseline scenario without MMRA, a value of Ky ~ 0’39, is
obtained, which corresponds to limited functional readiness under dynamic and complex
conditions. The introduction of a national MMRA platform (MRS-ETS) increases the

coefficient to

K ~ 0,59

, representing an improvement of approximately 50% relative to the

baseline scenario. The highest value is recorded when using an allied MMRA platform of the

FRSN class— K7 0'68, which corresponds to an increase in functional reliability of

approximately 75%.
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Figure 6. Combined Chart of Integral Coefficients of Functional Reliability
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The results indicate that the implementation of mobile maintenance and repair assets
(MMRA) significantly enhances the operational autonomy of the engineering and technical
support system, shortens the recovery time of engineering equipment, and reduces
dependence on stationary repair infrastructure. The observed differences in the values of the

coefficient K7 represent an objective quantitative indication of the upgrading of the
engineering and technical support system, rather than evidence of its initial inefficiency.

The developed integral model demonstrates applicability in both national and coalition
contexts and enables an objective assessment of the impact of mobile maintenance and repair
assets on the functional reliability of engineering equipment under emergency and rescue
conditions.

CONCLUSIONS FROM CHAPTER THREE

1. The effectiveness of the system of engineering and technical support in emergency and
rescue activities is determined by the combined influence of technical, external, risk-related,
and operational factors, which necessitates the use of a comprehensive and integrated
approach to assessing the operational capability of engineering equipment.

2. The developed system of indicators, together with the proposed procedure for their
normalisation and aggregation, provides an objective and quantitatively substantiated
assessment of the functional reliability of engineering equipment in a dynamic and variable
operational environment.

3. The formulated mathematical model of the integral coefficient of functional reliability
Kf enables the comparison of different configurations of the engineering and technical support
system by accounting for diagnostic frequency, technical condition, external influences, and
logistical constraints, and creates the basis for practical application in both national and allied
contexts.

4. The illustrative numerical calculations and comparative analysis demonstrate that the
implementation of mobile maintenance and repair assets leads to a substantial increase in the
integral coefficient Kf , with the national MMRA platform providing an improvement of
approximately 50% relative to a system without MMRA, and the allied FRSN-class platform
providing an increase of approximately 75%, thereby confirming that MMRA enhance the
traditional engineering and technical support system, increase operational resilience, and
reduce logistical dependencies.

GENERAL CONCLUSIONS

1. Engineering and technical support in emergency and rescue activities constitutes a key
factor for maintaining the operational readiness and functional reliability of engineering
equipment under conditions of high dynamics, uncertainty, and limited resources, as
traditional approaches to engineering maintenance do not provide the required resilience in a
rapidly changing operational environment.

2. The operational capability and reliability of engineering equipment are shaped by the
combined influence of technical, organisational, logistical, environmental, and risk-related
factors; therefore, reliability should be regarded as an integral characteristic of the entire
system of engineering and technical support, rather than solely as a function of the
mechanical condition of machinery.
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3. The developed functional model of engineering and technical support, based on the
integral coefficient of functional reliability Kr and the partial coefficient of operational
effectiveness of mobile maintenance and repair assets K,», ensures methodological coherence
between the local-operational and system-level approaches to the quantitative assessment of
readiness and effectiveness of engineering units.

4. The application of the proposed models to different configurations of engineering and
technical support demonstrates that the implementation of mobile maintenance and repair
assets leads to a substantial increase in the functional reliability of engineering equipment,
expressed through reduced recovery time, decreased logistical dependencies, improved
maintainability, and enhanced operational resilience, even under baseline MMRA
configurations.

5. The improvement of engineering and technical support requires a systemic approach
that combines targeted modernisation and optimal configuration of mobile repair assets with
the implementation of unified methodologies for the assessment of functional reliability,
whereby the integral coefficient Ky provides a robust basis for planning, management, and the
enhancement of readiness, autonomy, and operational effectiveness of engineering units in
both the short and long term.

CONCLUSION

This dissertation is focused on the enhancement of the engineering and technical
support system in emergency and rescue activities through the use of mobile maintenance and
repair assets (MMRA). Within the scope of the research, theoretical frameworks have been
analyzed, the factors affecting the operational capability of engineering equipment have been
studied, and a new approach to quantitatively assess functional reliability in a dynamic
operational environment has been proposed.

The development of engineering rescue equipment has been justified, and the
theoretical and organisational foundations of engineering and technical support have been
clarified.

A comprehensive analysis has been carried out on the internal, external environmental,
risk, and operational factors affecting the operational capability of engineering equipment, as
well as on the possibilities for their assessment.

A system of indicators for assessing operational capability has been developed in the
dissertation, and a mathematical model for the integral functional reliability coefficient Kf has
been formulated. Its applicability has been demonstrated through comparative calculations for
different configurations of the engineering and technical support system.

The results obtained indicate that the integration of MMRA into the engineering and
technical support system significantly improves the operational readiness and autonomy of
engineering units. The measured increase in the integral functional reliability coefficient,
compared to the baseline scenario without MMRA, shows that mobile maintenance assets do
not replace but enhance the traditional engineering and technical support structure, reducing
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logistical dependencies, shortening equipment recovery times, and improving the resilience of
engineering teams in emergency and disaster conditions.

The developed model is platform-independent and can be applied to both national
MMRA systems and allied mobile repair platforms, providing a foundation for its use in
international compatibility and coalition operations within NATO and the EU. This highlights
the scientific value of the development and its potential for practical implementation.

Based on the conducted research and achieved results, the following main conclusions
can be formulated:

e The engineering and technical support system can be enhanced through the
implementation of MMRA, which increase the autonomy, operational resilience, and
maintainability of engineering units.

e The proposed integral model for assessing functional reliability provides an
opportunity for an objective comparative analysis of different configurations of engineering
and technical support and supports decision-making in the planning of engineering and
technical maintenance.

e The developed system of indicators and the methodology for their normalisation allow
for numerical assessment and forecasting of the operational capability of engineering
equipment, regardless of the type of MMRA platform used.

e The results confirm the hypothesis of this dissertation regarding the effect of MMRA
in enhancing the engineering and technical support system and demonstrate significant
practical impact on emergency and rescue operations.

As a result, the dissertation forms both scientific added value for the theory of
engineering and technical support and applied value for the practice of emergency and rescue
units.

The developed approaches, models, and assessments can serve as directions for further
work:

e Conducting field tests of various MMRA configurations to determine real operational
limitations and capabilities;

e Developing training modules and tactical procedures for using MMRA in emergency
and rescue operations;

e Investigating the interaction between MMRA and other elements of engineering and
technical support, including command posts, logistics units, and early warning systems.

III. CONTRIBUTIONS OF THE DISSERTATION

HAYYHU SCIENTIFIC CONTRIBUTIONS

1. The parameters with the strongest influence on the effectiveness of engineering and
technical support (response time, maintainability, logistical autonomy, and resource
provision) have been identified.
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2. The established dependencies that define engineering and technical support as an
integrated system, subject to technical, logistical, environmental, and operational factors, are
applicable in units dealing with the aftermath of disasters and accidents.

3. A coherent methodological framework has been formulated for the implementation
of the developed model in real-world structures — identification of factors — normalisation

of indicators — calculation of Kon—s calculation of Xf— interpretation of results for decision-
making.

4. The proposed development can be used for planning, modernisation, and selection
of optimal configurations of MMRA in engineering units of the Ministry of Defence, Ministry
of Interior, General Directorate of Fire Safety and Protection of the Population (GDFSPP),
and joint forces participating in NATO and EU operations.

5. The model creates the conditions for integration into digital systems for monitoring
technical readiness and maintenance of engineering equipment.

SCIENTIFIC AND APPLIED CONTRIBUTIONS

1. An original mathematical model has been developed for evaluating the
operational effectiveness of mobile maintenance and repair assets (MMRA), expressed
through the coefficient K ..

2. An original integral mathematical model for assessing the functional reliability
of the engineering and technical support system has been developed, realised through the
coefficient K.

3. The functional interrelation between the local indicator Kf, and the integral
indicator K, has been demonstrated, allowing for the tracking of the systemic effect of

MMRA on the overall readiness of engineering equipment.
4. The models K, and K have been experimentally applied to compare different

configurations of engineering and technical support, revealing that the integration of MMRA
leads to a significant improvement in the functional reliability of engineering equipment.

5. Interpretative threshold values and ranges for assessing the effectiveness of
MMRA and the functional reliability of engineering and technical support have been
substantiated.
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